(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteDectual Property 
Organization 
International Bureau 

(43) International Publication Date 
18 March 2004 (18.03.2004) 




PCT 



(10) Iniernaiional Publication Number 

wo 2004/022554 Al 



(51) Internationa] Patent Clas^cation^: C07D 413/04. 
239/70, 471/10, 487/10, 491/10, A61K 3V517, A61P 

35/00 

(21) International Application Number: 

PCT/GB2003/003878 

(22) International Filing Date: 

5 September 2003 (05.09.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) PriorllyData: 
0220813.0 
0229186.2 
0312775.0 



7 September 2002 (07.09.2002) GB 
14 December 2002 (14.12.2002) GB 
4 June 2003 (04.06.2003) GB 



(71) Applicant (for all designated Slates except US): CELL- 
TECH R&D LIMITED [GB/GB]; 208 Bath Road, 
Slough, Berkshire SLl 3WE (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HAUGUAN, Alan, 
Findlay [GB/GB]; Ceiltech R&D Limited, 208 Bath 
Road, Slough, Beilcshire SLl 3WE (GB). BUCKLEY, 
George, Martin [GB/GB]; Celltech R&D Limited, 208 
Bath Road, Slough, Berkshiie SLl 3WE (GB). DAVDES, 
Natasiia [GB/GB]; Celltech R&D Limited, 208 Bath 



Road, Slough, Bericshirc SLl 3WE (GB). DYKE, Hazel, 
Joan [GB/GB]; Celltech R&D Limited, 208 Bath Road, 
Slough, Berkshire SLl 3WE (GB). HANNAH, Duncan, 
Robert [GB/GB]; Celltech R&D Limited, 208 Bath 
Road, Slough, Berkshire SLl 3WE (GB). MORGAN, 
TVevor [GB/GB]; Celltech R&D Limited, 208 Batch 
Road, Slough, Berkshire SLl 3WE (GB). RICHARD, 
Marianna, DUani [GB/GB]; Celitech R&D Limited, 208 
Bath Road, Slough, Berkshire SLl 3WE (GB). SHARPE, 
Andrew [GB/GB]; Celltech R&D Limited. 208 Bath 
Road, Slough, Berkshire SLl 3WE (GB). WILLIAMS, 
Sophie, Caroline [GB/GB]; Celltech R&D Limited, 208 
Bath Road, Slough, Berkshire SLl 3WE (GB). 

(74) Agent: THOMPSON, John; Celltech R&D Limited, 208 
Bath Road, Slough, Berkshire SLl 3WE (GB). 

(81) Designated Stales (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB. GD, GE, GH, 
GM, HR, HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA. MD, MG, MK, MN. MW. 
MX. MZ, NI, NO, NZ. OM. PG. PH, PL, PT, RO, RU, SC, 
SD. SE. SG. SK, SL, SY. TJ. TM, TN, TR, TT, TZ. UA, 
UG. US. UZ, VC. VN,.YU, ZA, ZM, ZW, 

(84) Designated States (regional)i ARIPO patent (GH, GM, 
KE. LS, MW, MZ, SD, SL, SZ. TZ, UG, ZM, ZW). 
Eurasian patent (AM, AZ, B Y. KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, FT, LU, MC, NL, PT, RO, 

[Continued on next page] 



(54) Title: QUINAZOLINONE DERIVATIVES 




in 
m 

o 
O 



(D 



(57) Abstract: A compound of formula (1), wherein: X is an oxygen or sulfur atom; R^ is an aliphatic, cycloaliphatic or cycloalkyl- 
alkyl- group; R^ is an optionally substituted heteroaromatic group or a -CN group; R^ is a group -(Alk*)n,LHAIk^)nR* in which m and 
n, which niay be the same or different, is each zero or the integer 1, Alk^ and Alk^, which may be the same or different, is each an 
optionally substituted aliphatic or heteroaliphatic chain. L^ is a covalent bond or a linker atom or group and R^ is a hydrogen atom 
or an optionally substituted cycloaliphatic. heterocycloaliphatic, aromatic or heteroaromatic group; A is an optionally substituted 
cycloaliphatic or heterocycloaliphadc group optionally fused to an optionally substituted aryl or heteroaryl group; R^, which may be 
attached to any available C or N atom present m the cycloaliphatic or heterocycloaliphatic, or where fused, aryl orheterbaiyl group, is 
a group -(ATk^)|L^(AIk^)vR* in which t and v, which may be the same or different, is each zero or the integer 1, Alk^ and Alk*, which 
may be the same or different, is each an optionally substituted aliphatic or heteroaliphatic chain, L^ is a covalent bond or a linker 
atom or group and R* is a hydrogen or halogen atom or a -CN group or an optionally substituted cycloaliphatic, heterocycloaliphatic, 
aromatic or heteroaromatic group; and the salts, solvates, hydrates, tautomers, isomers or N-oxides thereof. The compounds of the 
present invention are potent inhibitors of TMPDH. 
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QUINAZQLINQNE DERIVATIVES 

This invention relates to a series of quinazolinones and quinazolinthlones and 
their derivatives, to processes for their preparation, to pharmaceutical 
5 compositions containing them and to their use in medicine. 

lnosine-5'-monophosphate dehydrogenase (1I\/IPDH; EC 1.1.1.205) is an 
enzyme involved In the de novo synthesis of guanine nucleotides. IMPDH 
catalyses the p-nicotinamlde adenine dinucleotide (NAD)-dependant oxidation 
10 of inosine-5'-monophosphate (IMP) to xanthosine-5'-monophosphate (XMP) 
(Jackson R.C. et al.. Nature . 256, pp. 331-333. (1975)). Guanine nucleotides 
are essential to the cell for RNA and DNA synthesis, intermediates In 
signalling pathways and as energy sources for metabolic pathways. 

15 IMPDH is ubiquitous in eukaryotes, bacteria and protozoa (Y. Natsumeda & 
S.F. Carr, Ann. N.Y. Acad .. 696, pp. 88-93, (1993) ). Two Isoforms of human 
IMPDH, designated type I and type II, have been Identified and sequenced 
(F.R. Collart and E. Huberman, J. Biol. Chem .. 263, pp. 15769-15772, (1988); 
Y. Natsumeda et al J. Biol. Chem .. 265, pp 5292-5295, (1990)). Each is 514 

20 amino acids and they share 84% sequence identity. Both IMPDH type I and 
type II form active tetramers in solution, with subunit molecular weights of 56 
kDa (Y. Yamada et. Al., Biochemistry, 27, pp. 2737-2745, (1988) ). It is 
thought that type I is the predominant Isoform expressed in nomnal cells, 
whilst type 11 is upregulated in neoplastic and replicating cells. Studies have 

25 postulated that selective inhibition of type II IMPDH could provide a 
therapeutic advantage by reducing potential toxicity effects caused by 
Inhibiting the type I isofomn (Panklewicz K.W, Expert Ooin. Ther. Patents 11 
(7) pp 1161-1170, (2001)). 

30 The de novo synthesis of guanine nucleotides, and thus the activity of IMPDH, 
is particularly important in B and T-lymphocytes. These cells depend on the 
de novo, rather than the salvage pathway to generate sufficient levels of 
nucleotides necessary to initiate a proliferative response to mitogen or antigen 
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(A.C. Allison et. a!., Lancet II . 1179, (1975) and A.C. Allison et a!., Ciba 
Found. Svmp .. 48, 207, (1977) ). Thus, IMPDH Is an attractive target for 
selectively inhibiting the innmune system without also inhibiting the 
proliferation of other cells. 

5 

l\/lycophenolic acid (MPA) and some of its derivatives have been described in 
United States patents 5,380,879 and 5,444,072 and PCT publications WO 
94/01105 and WO 94/12184 as potent, uncompetitive, reversible inhibitors of 
human IMPDH type I (Ki = 33 nM) and type II (K| = 9 nM). MPA has been 
10 demonstrated to block the response of B and T-cells to mitogen or antigen 
(A.n. Allison at. al.. Ann. N. Y. Acad. Sci.. 696. 63. (1993) )■ 

Immunosuppressants, such as MPA, are useful drugs in the treatment of 
transplant rejection and autoimmune diseases. (R.E. Morris, Kidnev Intl.. 49, 
15 Suppl. 53, S-26, (1996) ). However, MPA is characterized by undesirable 
phamriacological properties, such as gastrointestinal toxicity. (L.M. Shaw, et. 
al.. Therapeutic Dma Monitorino . 17, pp. 690-699, (1995) ). 

Mycophenoiate mofetil, a prodrug which quickly liberates free MPA in vivo, 
20 was recently approved to prevent acute allograft rejection following kidney 
transplantation (i.e. renal allograft failure) and heart transplantation. (L.M. 
Shaw, et. a/- Therapeutic Drug Monitorino . 17, pp. 690-699. (1995); H.W. 
Sollinger, Transplantation. 60. pp. 225-232, (1995); J. Kobashigawa 
Transplant . 66, pp. 507, (1998) ). Mycophenoiate mofetil has also been used 
25 for the treatment of rheumatoid arthritis. The experimental use of 
mycophenoiate mofetil In the treatment of systemic lupus erythematosus, 
lupus nephritis, myasthenia gravis, inflammatory eye disease, autoimmune 
and inflammatory skin disorders (including psoriasis) and glomemlar disease 
has also been described (R. Bentley, Chem. Rev .. 100, pp. 3801-3825, 
30 (2000)). Mycophenoiate mofetil has also been postulated to be of use for the 
treatment of atopic dermatitis (Grundmann-Kollman M et al, Archives of 
Dermatoloov. 137 (7), pp. 870-873, (2001) ) and has been shown to be 
effective in predictive animal models of multiple sclerosis (Tran G.T et al, 
Iritemational Immunopharmacoloov . 1 (9-10) pp. .1709-1723, (2001) ). 

2 
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Several clinical observations, however, limit the therapeutic potential of this 
drug. (L.M. Shaw, et. al., Therapeutic Drug Monitorino . 17, pp. 690-699, 
(1995)). 

5 Nucleoside analogues such as tiazofurin, ribavirin and mizoribine also inhibit 
IMPDH (L. Hedstrom, et. al.. Biochemistry . 29, pp. 849-854, (1990) ). These 
nucleoside analogues are competitive inhibitors of IMPDH, but also inhibit 
other NAD dependant enzymes. This lack of specificity limits the therapeutic 
application of these compounds. New agents with improved selectivity for 

10 IMPDH would represent a significant improvement over these nucleoside 
analogues. Mizorbine (Bredinin®) has been approved in Japan for multiple 
Indications in transplantation and autoimmune diseases including prevention 
of rejection after renal transplantation, idiopathic glomerulonephritis, lupus 
nephritis and rheumatoid arthritis. 

15 

Vertex has recently disclosed , a series of novel IMPDH inhibitors (WO 
97/40028), of which VX-497 fias been evalua;ted for the treatment of psoriasis. 

It is also known that IMPDH plays a role in other metabolic events. Increased 
20 IMPDH activity has been observed in rapidly proliferating human leukemic cell 
lines and other tumour cell lines, indicating IMPDH as a target for anti-cancer 
as well as immunosuppressive chemotherapy (M. Nagai et. al., Cancer Res.. 
51, pp. 3886-3890, (1991), Pankiewicz K.W., Exp. Ooin. Ther. Patents . 11, 
pp. 1161-1170, (2001) ). IMPDH has also been shown to play a role in the 
25 proliferation of smooth muscle cells, indicating that inhibitors of IMPDH may 
be useful in preventing restenosis or other hyperproliferative vascular 
diseases (C.R. Gregory et al.. Transplantation . 59, pp. 655-61, (1995); PCT 
publication WO 94/12184; and PCT publication WO 94/ 01 105). 

30 Additionally, IMPDH has been shown to play a role in viral replication in some 
virus-infected cell lines. (S.F. Carr, J. Biol. Chem .. 268, pp. 27286-27290, 
(1 993) ). VX-497 is currently being evaluated for the treatment of hepatitis C 
in humans. 
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Thus, there remains a need for potent IMPDH inhibitors with improved 
pharmacological properties. Such inhibitors would have therapeutic potential 
as immunosuppressants, anti-cancer agents, anti-inflammatory agents, 
antipsoriatic and anti-viral agents. 

5 

The present Inventors disclose a class of substituted quinazolinone and 
quinazolinthione derivatives having activity as IMPDH inhibitors, and to 
compositions and methods related thereto. 

10 Thus we provide a compound of formula (1 ): 




wherein: 

X is an oxygen or sulfur atom; 

15 is an aliphatic, cycloaliphatic or cycloalkyl-alkyl- group; 

is an optionally substituted heteroaromatic group or a -CN group; 
R^ is a group -(Alk^)mL\AII<2)nR'* in which m and n, which may be the same or 
different, is each zero or the integer 1 , Alk^ and Alk^, which may be the same 
or different, is each an optionally substituted aliphatic or heteroaliphatic chain, 

20 lMs a coyaient bond or a linker atom or group and R* is a hydrogen atom or 
an optionally substituted cycloaliphatic, heterocycloaiiphatic, aromatic or 
heteroaromatic group; 

A is an optionally substituted cycloaliphatic or heterodycloallphatic group 
optionally fused to an optionally substituted aryl or heteroaryl group; 

25 R®, which may be attached to any available C or N atom present in the 
cycloaliphatic or heterocycloaiiphatic, or where fused, aryl or heteroaryl group, 
is a group -(Alk^)tL^(Alk*)vR® in which t and v, which may be the same or 
different, is each zero or the integer 1 , Alk^ and Alk*. which may be the same 
or different. Is each an optionally substituted aliphatic or heteroaliphatic chain, 

30 is a covalent bond or a linker atom or group and R® is a hydrogen or 
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halogen atom or a -CN group or an optionally substituted cycloaliphatic, 

heterocycloaliphatic, aromatic or heteroaromatic group; 

and the salts, solvates, hydrates, tautomers, isomers or N-oxides thereof. 

5 It will be appreciated that the ring A and the rest of the molecule of formula (1) 
are in a spiro relationship to each other. 

It will be appreciated that certain compounds of fonnula (1) may exist as 
geometric isomers (E or Z isomers). The compounds may also have one or 

10 more chiral centres, and exist as enantiomers or diastereomers. The invention 
is to be understood to extend to all such geometric isomers, enantiomers, 
diastereomers and mixtures thereof, including racemates. Formula (1) and the 
formulae hereinafter are intended to represent all individual isomers and 
mixtures thereof, unless stated or shown otherwise. In addition, compounds of 

15 formula (1) may exist as tautomers, for example keto (CH2C=0) - enoi 
{CH=CHOH) tautomers. Quinazolinones may also exist as tautomers; one 
possible example is illustrated below: 




Fomnula (1) and the formulae hereinafter are intended to represent all 
20 individual tautomers and mixtures thereof, unless stated othenwise. 

It will also be appreciated that where desired the compounds of the Invention 
may be administered In a pharmaceutically acceptable pro-drug fomi, for 
example, as a protected carboxylic acid derivative, e.g. as an acceptable 
25 ester. It will be further appreciated that the pro-dmgs may be converted in 
vivo to the active compounds of formula (1), and the invention Is Intended to 
extend to such pro-drugs. Such prodrugs are well known in the literature, see 
for example International Patent Application No. WO 00/23419, Bodor N. 
(Alfred Benson Symposium, 1982, 17, 156-177), Singh G. et ai (J. Sci. Ind. 

5 
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Res., 1996, 55, 497-510) and Bundgaard H. (Design of Prodrugs, 1985, 
Elsevier, Amsterdam). 

In the compounds of the invention as represented by formula (1 ) and the more 
5 detailed description hereinafter certain of the general terms used in relation to 
substituents are to be understood to include the following atoms or groups 
unless specified othen/vlse. 

The term "aliphatic group" is intended to include optionally substituted straight 
10 or branched Ci.ioalkyI, e.g. C ^.Q alkyi, Ca-ipalkenyl e.g. Ca-ealkenyl or C2.10 
alkynyl e.g. Ca^alkynyl groups. 

Particular examples of aliphatic groups include optionally substituted straight 
or branched alkyI groups such as -CH3, -CH2CH3. -CH(CH3)2, 

15 -(CH2)2CH3, -(CH2)3CH3. -CH{CH3)CH2CH3, -CH2CH(CH3)2. -CH2C(CH3)3. 
-C(CH3)3, -{CH2)4CH3. -(CH2)5CH3, or Ca-ealkepyl or Ca-ealkynyl groups such 
as -GHCH2, -CHCHCH3. -CH2CHCH2, -CHCHCH2CH3, -CH2CHCHCH3, 
-(CH2)2CHCH2, -CCH, -CCCH3, -CH2CCH, -CCCH2CH3, -CH2CCCH3. or 
-(CH2)2CCH groups. More particular examples include optionally substituted 

20 Ci^ alkyI groups selected from -CH3, -CH2CH3. -CH(CH3)2, -{CH^2p^3, 
-CH(CH3)CH2CH3, -CH2CH(CH3)2, -(CH2)3CH3 or -C(CH3)3. 

The temi "aliphatic chain" is intended to include those alkyi, alkenyl or alkynyl 
groups as just described where a terminal hydrogen atom is replaced by a 
25 covalent bond to give a divalent chain. 

Examples of aliphatic chains include optionally substituted straight or branched 
Ci^ alkylene chains such as -CH2-, -CH2CH2-, -CH(CH3)CH2-,-(CH2)2CH2-. 
-(CH2)3CH2-, -CH(CH3)(CH2)2CH2-, -CH2CH(CH3)CH2-; -C(CH3)2-, 
30 -C(CH3)2CH2-, -CH2C(CH3)2CH2-, -(CH2)2CH(CH3)CH2-. -CH(CH3)CH2CH2-, 
-CH(CH3)CH2CH(CH3)CHr, -CH2CH(CH3)CH2CH2-, -(CH2)2C(CH3)2CH2-. 
-(CH2)4CH2-, -(CH2)5CH2 or C2^alkenylene or Ca-ealkynylene chains such as 
-CHCH-, -CHCHCH2 -CH2CHCH-, -CHCHCH2CH2-. -CH2CHCHCH2-, 

6 
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-(CH2)2CHCH-, -CC-, -CCCH2, -CH2CC-, -CCCH2CH2-, -CH2CCCH2- or 
-(CH2)2CCH- chains. More particular examples Include optionally substituted 
C1.3 alkylene chains selected from -CH2-, -CH2CH2-, -CH2CH2CH2-, 
-CH(CH3)CH2-, -C(CH3)2- and -CH2CH(CH3)- chains. 

5 

Optional substituents that may be present on the aliphatic groups or ciialns 
include those optional substituents mentioned hereinafter. 

The term "heteroaiiphatic chain" is intended to Include the aliphatic chains just 
10 described but with each additionally containing one, two, three or four 
heteroatoms or heteroatom-containing groups. Particular heteroatoms or groups 
include atoms or groups L'^ where is a linker atom or group. Each atom or 
group may intenupt the aliphatic group, or may be positioned at its terminal 
carbon atom to connect the group to an adjoining atom or group. Particular 
15 examples include optionally substituted -L^CH2-, -CH2L°-, -L^CHCCHa)-, 
-CH(CH3)L3-. -CHzL^CHr, -L^CHzCHg-, -L3CH2CH(CH3)-, -CH(CH3)CH2L3-, 
-CHgCHzL^-, -CHgL^CHgCHz-, -CHzL^CHzCHzL^-, -(CH2)2L^CHr. -(CH2)3L^CH2-. 
-L^(CH2)2CH2-, -L^CHzCHCH-, -CHCHCHaL^-. -(CH2)2L^CH2CH2-, -{CHzh^^- and 
-L=^CH2L^CH2CH2- chains. 

20 

When is present in heteroaiiphatic chains as a linker atom or group it may 
be any divalent linking atom or group. Particular examples include -O- or -S- 
atoms or -C(0)-, -C(S)-, -S(0)-, -S(0)2-, -C(0)0-, -0C(0)-. -N(R^)- [where 
is a hydrogen atom or a straight or branched Ci.6alkyl group], -N(R'')0-, 
25 -N(R^)N-. -CON(R^)-, -OC(0)N(R^)-, -CSN(R^)-, -N(R^)CO-. -N(R^)C(0)0-, 
-N(R7)CS-, -S(0)2N(R^)-. -N(R^)S(0)2-, -N(R^)CON(R^)-, -N(R7)CSN(R^), 
-N(R^)S02N(R^)-, -C(=NOR^)- or -C(R*)=NO- [where R** is a straight or 
branched Ci^alkyl group] groups. Where contains two R^ groups these may 
be the same or different. 

30 

The term "cycloaliphatic group" includes optionally substituted non-arpmatk; 
cyclic or multicyclic, saturated or partially saturated C3.10 ring systems, such 
as, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 
cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl, 
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• adamantyl, norbornyl, norbornenyl, bicyclo[2.2.1]heptanyl or 
bicyclo[2,2.1]heptenyl. Particular examples Include optionally substituted Ca^ 
cycloalkyi ring systems such as cyclopropyl, cyclobutyl, cyclopentyl and 
cyclohexyl groups. Optional substituents present on those groups include 
5 those substituents mentioned hereinafter. 

The term "cycioaikyl-alkyi- group" refers to a alkyi group (as described 
herein) where a terminal hydrogen atom is replaced by a Ca^ cycloall<yl ring 
(as described herein). Examples include -(CH2)i.6-cyclopropyl, -(CH2)i.a- 
10 cyclobutyl, -(CH2)i^-cyclopentyl or-(CH2)i^-cyclohexyl. 

The term "heterocycloaliphatic group" refers to an optionally substituted 3 to 
10 membered saturated or partially saturated monocyclic or multicyclic 
hydrocarbon ring system containing one, two, three or four linker atoms or 

15 groups. Particular examples of suitable L* atoms or groups Include -O- or -S- 
atoms or -C(0)-, -C(0)0-, -0C(0)-, -C(S)-. -S(0)-, -S(0)2-, -N(R7)- [where P7 
Is as defined above], -N(R^)N(R^), -N(R^)0-, -ON(R^)-, -C0N(R7)-, 
-0C(0)N(R7)-, -CSN(R7)-, -N(R7)CO-, -N(R7)C(0)0-, -N(R7)CS-, -S(0)2N(R7), 
-N(R7)S(0)2-, -N(R7)CON(R7)-, -N(R7)CSN(R7)-, -N(R7)S02N(R7)- groups. 

20 Where the linker group contains two R^ substituents, these may be the same 
or different. Optional substituents present on the heterocycloaliphatic groups 
include those substituents mentioned hereinafter. 

Particular examples of heterocycloaliphatic groups include optionally 
25 substituted cyclobutanonyl, cyclopentanonyl, cyclohexanonyl, azetidinyl, 
tetrahydrofuranyl, tetrahydropyranyl, pyrrolinyl, e.g. 2- or 3-pyrrollnyl, 
pyrrolidinyl, pyrrolidinonyl, oxazolidlnyl, oxazolidinonyl, dioxolanyl, e.g. 1,3- 
dloxolanyl, Imidazbllnyl, e.g. 2-imldazolinyl, imidazolidinyl, imidazolidlnonyl, 
imida20lidine-2,4-dionyl, pyrazollnyl, e.g. 2-pyrazollnyl, pyrazolldinyl, 
30 thiazolinyl, thiazoiidlnyl, pyranyl, e.g. 2- or 4-pyranyl, pyranonyl, piperidinyl, 
piperidinonyl, quinuclldinyl, 1 ,4-dioxanyl, morpholinyl, morpholinonyl, 1,4- 
dithianyl, thiomorpholinyl, piperazinyl, N-C1.6 alkylpiperazinyl, N-Ci-e 
alkyipyrrolidinyl, N-Ci^ alkylplperidlnyl, N-C1.6 alkylmorpholinyl, 



8 



wo 2004/022554 



PCT/GB2003/OO3878 



homopiperazinyl, clihyclrofuran-2-onyl, tetrahydropyran-2-onyl, isothiazolidinyl 
1 ,1 -dioxide, [1 ,2]thiazinanyl 1 ,1 -dioxide, tetrahydrotliiophenyl, 
tetrahydrothlopyranyl, pyrazolldin-3-onyl, tetrahydrothiopyranyl 1,1 -dioxide, 
tetrahydrothiophenyl 1,1 -dioxide, 1 ,3,5-tritliianyl, oxazinyl. e.g. 2W-1,3-, 6H- 
5 1,3-, 6H-1,2-, 2H-1,2- or 4H-1,4- oxazinyl, 1 ,2,5-oxatliia2inyl, isoxazlnyl, e.g. 
0- or p-isoxazinyl, oxatiiiazinyl, e.g. 1,2,5 or 1 ,2,6-oxatliiazinyl, 1,3,5,- 
oxadiazinyl or tetrahydropyrrolo[1 ,2-c]imldazole-1 ,3-dionyl groups. 

Cycloalipliatic groups may be lini<ed to the remainder of tlie compound of 
10 formula (1) by any available ring carbon atom. Heterocycloaliphatic groups 
may be linl<ed to the remainder of the compound of formula (1) by any 
available ring carbon or, where available, ring nitrogen atom. 

The optional substituents which may be present on the aliphatic, cycloaliphatic 

15 or heterocycloaliphatic groups, include one, two, three or more substituents, 
which each may be the same or different, selected from halogen atoms, or d- 
ealkyi, e.g. methyl, ethyl, propyl or ^propyl, Ci^alkoxy, e.g. methoxy, ethoxy or 
propoxy, haloCi-ealkyl, e.g. halomethyl or haloethyl such as difluoromethyl or 
trifluoromethyl, haloCi^alkoxy, e.g. halomethoxy or haloethoxy such as 

20 difluoromethoxy or trifluoromethoxy, Ci.6alkylthio, e.g. methylthio, ethylthio or 
propylthio, or -{Alk^)gR^ groups in which Alk^ is a straight or branched Ci. 
salkylene chain, g is zero or the integer 1 and is a -OH, -SH, -N(R^°)a 
[where R^° is a hydrogen atom or an optionally substituted Ci-ealkyl group], 
-CN, -COzR^o, -OC(0)Rio, -NO2, -C(O)N(Ri0)2, -C(S)N(Rio)2, -C(0)Rio. 

25 -C(S)Rio, -N(Rio)C(0)R<o, -N(Rio)C(S)(Rio), -S02N(Rio)2, -N(Rio)S02Rio, 
N(Rio)C(0)N{Rio)2, N(Rio)C(S)N(Rio)2, N(Rio)S02N(Rio)2, -SO2R10, 
-SO3R10, -OC02R^o, -OC(0)N(Rio)2 or an optionally substituted aromatte or 
heteroaromatic group. R® may also be an -OR^^ group [where is an 
optionally substituted Ci^alkyl, phenyl or 5 or 6 membered heteroaryl group]. 

30 When two R^° atoms or groups are present in these substituents these may 
be the same or different or joined to form a. heterocycloaliphatic ring which 
contains at least one N atom. This includes, for example, azetidinyl, 
pyrrolldinyl, piperidinyi, imidazolidinyl, thiazolldinyl, pyrazolidinyl, piperazinyl, 
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N-Ci-e alkylpiperazinyl, homopiperazinyl, morpholinyl, thiomorpholinyl, 
oxazolidlnyl and the like. The aromatic and lieteroaromatic groups wiiicli may 
be present in these substituents may optionally be substituted by one, two or 
three of the R^^ groups described herein. 

5 

The optional substituents which may be present on aliphatic or heteroaliphatic 

chains, for example Alk\ Alk^ Alk^ or Aik"^, include one, two, three or more 

substituents where each substituent may be the same or different and is 

selected from halogen atoms, e.g. fluorine, chlorine, bromine or iodine atoms, 
10 or -OH, CN, -CO2H, -COaR^^ [where R^"" Is an optionally substituted Ci^alkyl 

group] e.g. -CO2CH3 or -C02C(CH3)3; -CONHR^\ e.g. -CONHCH3; 

-CON(R^%, e.g. -CON(CH3)2; -COR^\ e.g. -COCH3; Ci^alkoxy, e.g. 

methbxy or ethoxy; haloCi^alkoxy, e.g. trifluoromethoxy or difluoromethoxy; 

-SH, -S(0)R^\ e.g. -S(0)CH3; -S(0)2F=i", e.g. -S(0)2CH3; d^ealkylthio e.g. 
15 methylthio or ethylthio; amino; -NHR", e.g. -NHCH3 or -N(R^^)2, e.g. 

-N(CH3)2 groups. Where two R" groups are present in any of the above 

substituents these may be the same or different. 

When R^^ R^° or R^"" is present as a straight or branched Ci.6alkyl group it 
20 may be a straight or branched Ci^ alkyi group e.g. a C1.3 alkyl group such as 
methyl, ethyl or /-propyl. Optional substituents which may be present on such 
groups include for example one, two or three substituents which may be the 
same or different selected from fluorine, chlorine, bromine or iodine atoms or 
hydroxy or C1.6 alkoxy e.g. methoxy or ethoxy groups. 
25 . 

The tenm "halogen atom" is intended to include fluorine, chlorine, bromine or 

iodine atoms. 

The term "haloalkyi" Is intended to Include the alkyl groups just mentioned 
30 substituted by one, two or three of the halogen atoms just described. 
Particular examples of such groups include -CF3, -CCI3, -CHF2, -CHCI2, 
-CH2F, and -CH2CI groups. 
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The term "alkoxy" as used herein is intended to include straight or branched 
Ci-ioalkcxy for example Ci.6alkoxy such as methoxy, ethoxy, n-propoxy, /- 
propoxy and f-butoxy. "Haloalkoxy" as used herein includes any of those 
alkoxy groups substituted by one, two or three halogen atoms as described 
5 above. Particular examples include -OCF3, -OCCI3, -OCHF2, -OCHCI2, 
-OCH2F and -OCH2CI groups. 

As used herein the temr^ "alkylthio" is Intended to include straight or branched 
Ci-ioalkylthio, e.g. Ci-ealkylthio such as methylthio or ethylthio groups. 

10 

When U and are present in compounds of formula (1) as a linker atom or 
group they may be any such atom or group as hereinbefore described in 
relation to linker atoms and groups. When m in compounds of formula (1) is 
zero then L\ when present, is a -C(0)-, -C(S)-, -S(0)2-, -C0N(R7)-, 
15 -CSN(R7)- or -S(0)2N(R7)- group, where is as herein defined. Additionally 
may also be a -C(0)N(R^)C(0)-, -C(0)N(R^)C(0)0- or -C(0)N(R^)0- linker 
group. 

The terms "aromatic group" and "aryl group" are intended to include for 
20 example optionally substituted monocyclic ring Ce-ia aromatic groups, such as 
phenyl, or bicyclic fused ring C6.12 aromatic groups, such as, 1- or 2-naphthyl 
groups. 

The temis "heteroaromatic group" and "heteroaryl group" are intended to 
25 Include for example optionally substituted Ci^ heteroaromatic groups 
containing for example one, two, three or four heteroatoms selected from 
oxygen, sulfur or nitrogen atoms (or oxidised versions thereof). In general, the 
heteroaromatic groups may be for example monocyclic or bicyclic fused, ring 
heteroaromatic groups. Monocyclic heteroaromatic groups include for 
30 example five- or six-membered heteroaromatic groups containing one, two, 
three or four heteroatoms selected from oxygen, sulfur or nitrogen atoms. 
Bicyclic heteroaromatic groups include for example eight- to thirteen- 
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membered fused-ring heteroaromatic groups containing one, two or more 
heteroatoms selected from oxygen, sulphur or nitrogen atoms. 

Each of these aromatic or heteroaromatic groups may optionally be 
5 substituted by one, two, three or more R12 atoms or groups as defined below. 

Particular examples of monocyclic ring heteroaromatic groups of this type 
include pyrrolyl, furyl, thienyl, imidazolyl, A^-Ci^alkylimidazolyl, oxazolyl, 
isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, triazolyl, oxadiazolyl, thiadiazolyl, 
10 pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, tetrazolyl, triazinyl, pyridyl-N-oxide, 
dihydropyrazolonyl or imidazolonyl. 

Particular examples of bicycllc ring heteroaromatic groups of this type Include 
benzofuryl, benzothlenyl, benzotriazolyl, Indolyl, Indazollnyl, benzlmidazolyl, 
15 imidazo[1,2-a]pyridyl, benzothiazolyl, benzoxazolyl, benzisoxazolyl, 
benzopyranyl, quinazolinyl, quinoxalinyl, naphthyridinyl, pyrido[3,4-b]pyridyl, 
pyrido[3,2-b]pyridyl, pyrido[4,3-b]-pyridyl, quinolinyl, isoqulnolinyl or 
phthalazinyl. 

20 The heteroaromatic groups may be attached to the remainder of the 
compound of fomiula (1) by any carbon or hetero e.g. nitrogen atom as 
appropriate. 

Optional substituents which may be present on the aromatic or heteroaromatic 
25 groups include one, two, three or more substituents, eadi selected from an 
atom or group R^* in which R^^ is the group -(Alk®)e(R^2a)^ in which Alk* is a 
straight or branched Ci-ealkylene, Ca^alkenylene or Ca^ alkynylene chain, 
optionally interrupted by one, two or three -O- or -S- atoms or -S(0)g- [where g 
is an integer 1 or 2] or -N(Ri*)- groups; Ri2a js a halogen atom, or an amino (- 
30 NH2), -NHR^^ [where is the group -(Alk^)e(Ri3«)f in which R^^ is an 
optionally substituted heterocycloaliphatic, cycloaliphatic, aryl, heteroaryl 
group and Alk®, e and f are as herein defined], -N(R")2, nitro, cyano, amidino, 
formyl, hydroxy (OH), carboxyl (-CO2H), -C02R^^ thiol (-SH), -SR^^ -0R^^ 
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-C0R13, -CSR13, -SO3H, -S0R13, -SO2R13, -SOaR^s -SO2NH2, -SOgNHR", 
S02N(R13)2, -CONH2, -CSNH2, -C0NHR13, -CSNHR13, -CON(Ri3)2, 
-CSN(R13)2, -N(Ri4)S02Ri3^ [where R^* is a hydrogen atom or a straight or 
branched allQ^I group] -N(S02Ri3)2. -N(R14)S02NH2, -N(R14)S02NHR13, 

5 -N(R13)S02N(R14)2, -N(R14)C0R13, -N(Ri4)CONH2, -N(R14)C0NHR13, 
-N(R14)C0N(R13)2, -N(R14)CSNH2, -N(Ri4)CSNHRi3 -N(Ri4)CSN(Ri3)2, 
-N(R14)CSR13, -N(Ri*)C(0)0Ri3, -S02NHeti [where -NHeti is an optionally 
substituted C 3.7 heterocycloaliphatic group optionally containing one or 'more 
other -O- or -S- atoms or -N(Ri*)-, -G(0)- or -C(S)- groups], -CONHeti, 

10 -CSNHeti, -N(Ri*)S02NHeti, -N{Ri*)CONHeti, -N(Ri4)CSNHeti, 
-S02N(Ri*)Het2 [where Het2 is an optionally substituted monocyclic C3.7 
cycloallphatic group optionally containing one or more -O- or -S- atoms or 
-N(R14)-, -C(0)- or -C(S)- groups], -C0N(Ri*)Het2. -CSN(Ri4)Het2, 
-N(Ri4)CON(Ri'*)Het2, -N(Ri4)CSN(Ri4)Het2, optionally substituted aryl, 

15 heteroaryl, cycloaliphatic or heterocycloaliphatic group; e is zero or the integer 
1 and f is zero or an integer 1 , 2 or 3; provided that when e is zero then f is the 
integer 1. It will be further appreciated that when two R13 or groups are 
present in one of the above substltuents, the R^s or Ri* groups may be the 
same or different. 

20 

When in the group -(Alk®)e(R"' 2a), or -(Alk%(Ri3a), f is an integer 1, 2 or 3 and 
e is the integer 1 , it Is to be understood that the substltuent or substltuents 
Ri2a or R'laa may be present on any suitable carbon atom In -Alk^. Where 
more than one Ri2a or Ri3a substituent is present these may be the same or 
25 different and may be present on the same or different atom in -Alk^. It will be 
understood that, when f is zero and no substituent Ri2a or Ri3a is present the 
chain represented by Alk® contains a temiinal hydrogen atom and becomes a 
corresponding group. 

30 When -NHef-or -Het2 fomris part of a substituent R^2a each may be for 
example an optionally substituted 2- or 3-pyrrollnyl, pyrrolidinyl, pyrazollnyl, 
pyrazolidinyl, piperazinyl, imidazolinyl, imidazolldinyl, morphollnyl, 
thiomorpholinyl, piperidinyl, oxazolldinyl or thiazolidinyl group. Additionally 
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Het2 may represent for example, an optionally substituted cyciopentyl or 
cyclohexyl group. Optional substituents which may be present on -NHeti or 
-Het2 Include those substituents described above in relation to aromatic 
groups. 

5 

Particularly useful atoms or groups represented by R^^ include fluorine, 
■ chlorine, bromine or iodine, C1.6 alkyi, e.g. methyl, ethyl, Apropyl, haloCi^alkyl, 

e.g. -CF3, haloCi-6 alkoxy, e.g. -OCF3, -OCF2H, -(Alk^)eNH2, -(Alk«)eNHR^^ 

-(Alk^)eN(R^3)2. -(Alk^)eCN, -(Alk^)eC02H, -(Alk^)eC02R''. -(Alk^)eSR^^ 
10 -(Alk^)eOR^^ -(Alk^)eC0Ri3, -(Alk^)eCSRi3, -(Alk^)eS02Ri3, -(Alk^)eS02NH2, 

-(Alk^eSOzNHR^^ -(Alk«)eS02N(Ri3)2, -(Alk^eCONHa, -(Alk^)eCSNH2, 

-(Alk»)eC0NHRi3, -(Alk^)eCSNHRi3. -(Alk^)eCON(Ri3)2, -(Alk«)eCSN(Ri3)2. 

-(Alk^eN(R^*)S02Ri3 -(Alk%N(Ri4)CORi3, .(Alk«)eN(Ri4)CONH2. 

-(Alk')eN(Ri'^)C0NHRi3, -(Alk^)eN(Ri4)CSRi3, -(Aik^eN(Ri'>)C(0)0Ri3, 
15 -(Alk®)eS02NHet\ -(Alk^)eCONHeti , -(Alk®)eCSNHeti, optionally substituted 

-(Alk®)ephenyl, -(Alk®)emonocyclic heteroaryl, -(Alk^)emonocyclic 

heterocycloaiiphatic or {Alk®)ecycloaliphatic. 

Particularly useful R^^ groups include a alkyI group (where f Is zero), or an 
20 optionally substituted -(Alk®)ephenyl, -(Alk^)emonocycllc heteroaryl, 
-(Alk\monocyclic heterocycloaiiphatic or -(Alk°)eCycloaliphatic. 

When Alks is present In the above R^^ and R^^ groups It may be for example a 
methylene, ethylene, n-propylene, Apropylene, n-butylene, /-butylene, s- 
25 butylene, f-butylene, ethenylene, 2-propenylene, 2-butenylene, 3-butenylene, 
ethynylene, 2-propynylene, 2-butynylene or 3-butynylene chain, optionally 
interrupted by one, two, or three -O- or -S-, atoms or -S(0)-, -S(0)2- or -N(R14). 
groups. Particular examples of Alk^ include C1.4 alkylene chains e.g. 
methylene, ethylene, propylene, i-propylene or t-butylene. 

30 

R" is most especially a Ci^alkyl group. R^* is particularly hydrogen or methyl. 
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When, in R^^ or R^^. f is zero Alk® is in particular a C1.4 alkyl group as defined 
lierein. Wlien f is the integer 1 , 2 or 3 Alk® is in particular a alkylene chain. 

Particular examples of aryl, heteroaryl, heterocycloaliphatic or cycioaliphatic 
5 groups which may be present in the group -R^^ or -R^^ include optionally 
substituted cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, azetldinyl, 
pyrrolidinyl, pyrroiidinonyl, piperidinyl, imidazolidinyl, thiazolidinyl, piperazinyl, 
N-C^.e alkylpiperazinyl, especially A/-methylpiperazinyl, A/-Ci^ alkylpyn-olidinyl, 
especially N-methyipyrrolidinyl, /V-Ci-e alkylpiperidinyl, especially N- 
10 methylpiperidlnyl, homopiperazinyl, morpholinyl, thiomorpholinyl, oxazolidihyl, 
tetrahydrofuranyl, tetrahydropyranyl, phenyl, pyrrolyl, furyl, thienyl, imidazolyl, 
MLCi^alkylindidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazplyl, pyrazolyl, 
triazolyl, oxadiazoiyi, thiadiazolyl, pyridyl, pyrimldinyl, pyridazlnyl. pyrazinyl, 
tetrazolyl, triazinyl, pyridyl-AAoxide, dihydropyrazolonyl or imidazolonyl. 

15 

Optional substituents which may in particular be present on the aryl, 
heteroaryl, heterocycloaliphatic or cycioaliphatic groups represented by -R^^ 
or -R^^ include one, two, three or more atoms or groups selected from 
fluorine, chlorine, C1-3 alkoxy, especially -OCH3, OCF3, OCF2H, CF3, C1.3 
20 alkylthio, straight or branched C1.3 alkyl, -CN, NHCH3, N(CH3)2, CONH2, 
CONHCH3, C0N(CH3)2, CO2CH3, CO2CH2CH3, -C02C(CH3)3. or -COCH3, 
-SO2CH3, -NHCOCH3, -N(CH3)COCH3 or CO2H. 

Where desired, two adjacent R12 substituents may be linked togetiier to form a 
25 cyclic group such as a cyclic ether, e.g. a Ci.6alkylen®dioxy group such as 
methylenedioxy or ethylenedioxy or a C3-8 cycloalkyi or 3-10 membered 
monocylic heterocycloaliphatic group as defined herein. 

It will be appreciated that where two or more R12 substituents are present, 
30 these need not necessarily be the same atoms and/or groups. In general, the 
substituent(s) may be present at any available ring position in the aromatic or 
heteroaromatic group. 

IS 
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The presence of certain substituents in tlie compounds of formula (1) may 
enable salts of the compounds to be fonned. Suitable salts include 
pharmaceutlcally acceptable salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and organic 
S bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
alkylsulfonates, e.g. methanesulfonates, ethanesulfonates, or isothionates, 
arylsulfonates, e.g. p-toluenesulfonates, besylates or napsylates, phosphates, 
10 sulphates, hydrogen sulphates, acetates, trifluoroaoetates, propionates, 
citrates, maleates, fumarates, malonates, succinates, lactates, oxalates, 
tartrates and benzoates. 

Salts derived from inorganic or organic bases Include alkali metal salts such 
15 as sodium or potassium salts, alkaline earth metal salts such as magnesium 
or calcium salts, and organic amine salts such as morpholine, piperidlne, 
dimethylamine or diethylamine salts. 

Particularly useful salts of compounds according to the invention include 
20 phamnaceutically acceptable salts, especially acid addition pharmaceutically 
acceptable salts. 

In one particular group of compounds of formula (1) X is an O atom. 

25 Examples of cycloallphatic groups which may represent Include Cg-e 
cycloalkyi groups, such as those described previously. Examples of 
cycloalkyl-alkyi- groups which may represent include C1-3 alkyi groups (as 
described herein) where a terminal hydrogen atom is replaced by a Ca^ 
cycloalkyi ring (as described herein), for example, cyclopropylCHa-. 

30 

R\ in compounds of formula (1), is in particular a Ci-ealkyI group. Especially 
preferred Is when R"* Is a C1.3 alkyI group. Most especially prefen-ed is when R^ 
is a methyl group. 
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In another group of compounds of formula (1) is a haioalkyi group, 
especially a CHF2 or CH2F group. 

A particularly preferred group of compounds of the invention has the formula 
5 (1) wherein is an optionally substituted monocyclic heteroaromatic group, 

especially a five-membered heteroaromatic group containing one, two, three 

or four heteroatoms selected from oxygen, sulphur or nitrogen atoms. 

Particular preferred heteroaromatic groups which may represent include 

optionally substituted pyrrolyl, furyl, thienyl, imidazolyi, AZ-Ci-ealkylimidazolyl, 
10 oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyl or 

pyrazolyl. Especially preferred is when is an oxazolyl group. Most 

especially preferred is where R^ is an oxazol-5-yl group. 

Particular examples of the group R®, in compounds of formula (1), include - 
15 Alk^-U-Alk^-R*. -Alk^-U-R*, -Alk^-R*. -V-M\^-R\ -U-R* or -R* wherein 
Mk\ l\ Alk^ and R* are as herein defined. One particular group of 
compounds of the invention has the fomiula (1) wherein R^ Is the group -Alk^- 

20 Aik^ and Alk^, when present in compounds of formula (1), may be the same or 
different and is each preferably an optionally substituted aliphatic chain, in 
particular a Ci^ alkylene chain, especially an optionally substituted -CH2-, - 
CH2CH2-, -CH2CH2CH2-, -CH(CH3)CH2- or -CH2CH(CH3)- chain, most 
especially a Ci^ alkylene chain such as -CH2-, -CH2CH2- or -CH2CH2CH2- 

25 chain. 

Particular examples of 0, when present In compounds of formula (1), include 
-O- or -S- atoms or -O(0)-, -C(S)-, -S(0)-, -S(0)2-. -C(0)0-. -0C(0)-, -N(R^)- 
Iwhere R^ is as defined hereinbefore], -CON(R^)-, -CSN(R^)-, -N(R^)CO-. - 
30 N{R^)CS-, -S(0)2N(R^)- or -N{R^)S(0)2- groups. R^ is especially a hydrogen 
atom or a C1.3 alkyi group, particularly methyl. 

L"* in one particular group of compounds of the invention is a covalent bond. 
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One particular class of compounds of the Invention has the formula (1) 
wherein is the chain -All<^-U-R* In which Alk^ is an optionally substituted 
aliphatic chain, L"" is a covalent bond and R* is a hydrogen atom. In one 
5 particular group of compounds of ttiis class R^ Is especially a straight or 
branched Ci^alkyl group, particularly -CH3, -CH2CH3, -CH(CH3)2, -(CH2)2CH3 
or -C(CH3)3. In this group of compounds R^ is preferably a methyl or ethyl 
group, most especially a methyl group. 

10 Another class of compounds of the invention has the formula (1) wherein is 
a hydrogen atom. 

In one particular embodiment of the invention R^ is a hydrogen atom or a Ci. 
ealkyi group, particularly methyl. 

15 

In one group of compounds of the invention A is an optionally substituted, 
optionally fused Cs^ cycloaliphatic group or 3 to 6 membered saturated 
monocyclic hydrocarbon ring system containing one or two L* linker atoms or 
groups. Particular examples of suitable L"* atoms or groups include -0- or -S- 

20 atoms or -C(0)-, -C(S)-, -S(0)2-, -U(P7)- [where R7 is as defined above], - 
CON(R7)-. -eSN(R7)-, -N(R7)C0-, -N(R7)CS-, -S(0)2N(R7), .N(R7)S(0)2-, 
groups. Particular examples of the group A include optionally substituted 
cyclopentyl, cyclopentenyl, cyclohexyl, cyclopentanonyl, cyciohexanonyl, 
tetrahydrofuranyl, tetrahydropyranyl, pyrrolinyl, e.g. 2- or 3-pyrrollhyl, 

25 pyrrolldlnyl, pyrrolldinonyl, piperldlnyl, piperldinonyl, N-C^^ alkylpyn-olidlnyl, N- 
Ci-s alkylpiperldlnyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, 
tetrahydrothiopyranyl 1,1 -dioxide or tetrahydrothiophenyl 1,1 -dioxide. 

More particular examples of the group A include optionally substituted 
30 cyclopentyl, cyclohexyl, cyclopentanonyl, cyciohexanonyl, tetrahydrofuranyl, 
tetrahydropyranyl, pyrrolidinyl, pyrrolldinonyl, piperldlnyl, piperldinonyl, N^C^.e 
alkylpyrrolidinyt or N-C^^ alkylpiperidlnyl. A is in particular an optionally 
substituted cyclopentyl, cyclohexyl, tetrahydrofuranyl, tetrahydropyranyl, 

18 
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pyrrolidinyl, piperidinyl, W-Ci^ alkylpyrrolidinyl, especially A/-methylpyrrolidlnyl, 
or Ait-Ci^ alkylpiperldlnyl, especially A/-methylpiperidinyl group. 

In another particular group of compounds of fonnula (1) A is an optionally 
5 substituted cyclopentyl, cyclohexyl, tetrahydrofuranyl, tetraliydropyranyl, 
pyrrolidinyl, pyrrolidinonyl, piperidinyl, tetraliydrotliiophenyl or 
tetrahydrottiiopfienyl 1,1 -dioxide group. Typical examples of A include 
optionally substituted cyclopentyl, cycloliexyl, tetrahydrofuran-3-yl, 
tetraliydropyran-4-yl, pyrrolidin-3-yl, pyrrolidin-2-on-3-yl, piperidin-4-yl, 
10 tetrahydrothlophen-3-yl or tetrahydrothiophen-3-yl 1 , 1 -dioxide group. 

One particular class of compounds of the invention has the formula (1) wherein 
A is an optionally substituted cycloaliphatic or heterocycloaliphatic group fused 
to an optionally substituted aryl or heteroaryl group. 

15 

Particular examples of aryl or heteroaryl groups which may be fused to the 
group A include optionally substituted monoicyclic C6.i2aromatic groups, such 
as phenyl or optionally substituted monocyclic Ci.9heteroaromatic groups, 
especially 5 or 6 membered heteroaromatic groups, containing for example 
20 one, two, three or four heteroatoms selected from oxygen, sulfur or nitrogen 
atoms as defined hereinbefore. 

One particular group of aryl or heteroaryl groups which may be fused to the 
group A include optionally substituted phenyl, pyrrolyl, furyl, thienyl, imidazolyl, 
25 W-Ci^alkylimidazolyl. oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl. 
pyrldyl, pyrlmidinyl, pyridazlnyl, pyrazinyl or pyridyl-A/-oxlde. More particular 
examples include optionally substituted imidazolyl, A/-Ci.6alkylimidaz6lyl, 
phenyl, pyrldyl, pyrlmidinyl, pyridazlnyl, pyrazinyl or pyridyl-N-oxide. 

30 In one particular class of compounds of the Invention A is an optionally 
substituted cyclopentyl, tetrahydrofuranyl, pyrrolidinyl, N-Ci-e alkylpyrrolidinyl, 
especially /V-methylpyrrolidinyl, group fused to an optionally substituted 
imidazolyl, MCi-ealkylimidazolyl, phenyl, pyrldyl, pyrlmidinyl, pyridazlnyl, 
pyrazinyl or pyridyl-A/-oxide group. In one group of compounds of the 
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invention A forms an optionally substituted indanyl group. A may also In 
particular be an optionally substituted 5,6-dihydro-4H-cyclopenta[b]thiophenyl 
or tetraliydronaphthyl group. Typical examples of A include indan-1-yl, indan- 
2-yl, 5-nltroindan-2-yl, 5-aminoindan-2-yl, 5-ferf-butoxycarbonylaminoindan-2- 
5 yl, 5,6-dlhydro-4H-cyclopenta[b] thiophen-5-yl or 1 ,2,3,4-tetrahydfonaphth-2-yl 
groups. 

Particular examples of the group R^, in compounds of fomnula (1), include 
-Alk'^-L2-Alk^-R^ -Alk^-L^-R^ -Alk=^-R^ -L2-Alk'*-R^ -L^-R^ or -R^ wherein 
10 Alk^, L^, Alk"^ and R^ are as herein defined. 

In one particular embodiment of the invention t is zero. In another particular 
embodiment of the invention t is the Integer 1 . 

15 V in one particular aspect of the invention is zero. In another embodiment v is 
the Integer 1 . 

Alk^ and Alk'*, when present in compounds of formula (1), may be the same or 
different and is each preferably an optionally substituted aliphatic chain, in 
20 particular a Ci^ alkylene chain, most especially a C1.3 alkylene chain. 

Alk^ In one particular group of compounds of the invention Is a -CH2- chain. 

Particular examples of AIK* in compounds of the invention include -CHg-, 
25 -CH2CH2-, -CH(CH3)CH2-, -C(CH3)2-, -CH2C(CH3)2CH2- or 
-(CH2)2C(CH3)2CH2- chains. 

Optional substituents which may in particular be present on Alk^ and/ or Alk* 
include -CN, -CO2H, -CO2R" [where R^^ is as herein defined] -CONHR^\ 
30 -CON(R")2, -COR^\ Ci^ealkoxy, particularly methoxy or ethoxy; haloCi^alkoxy, 
particularly trifluoromethoxy or difluoromethoxy; -S(0)R^\ -S{0)2R^\ amino, 
-NHR^^ or-N(R^^)2, groups. R" is in particular a Ci.3alkyi group. 
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Particular examples of L^, when present In compounds of formula (1), include 
-O- or -S- atoms or -C(0)-. -C(S)-, -S(0)-, -S(0)2-, -C(0)0-, -0C(0)-, -N(R^)- 
[where is as defined hereinbefore], -CON(R^)-, -CSN(R^)-, -N(R^)CO-, 
-N(R^)CS-, -S(0)2N(R^)- or -N(R^)S(0)2- groups. may also, In particular, be 
5 a -N(R7)C(0)0-, -C{0)N(R^)C(0)- or -C(O)N(R^)0- group. is especially a 
hydrogen atom or a C1.3 alkyl group, particularly methyl. Typical examples of 
include -C(0)-, -S(0)2-, -C(0)0-. -CON(H)-, -C0N(CH3)-. -CON{CH2CH3)-. 
.CON(CH(CH3)2)-. -N(H)CO-. -N(H)C(0)0-. -C(0)N(H)C(0)- or 
-C(0)N(CH3)0-. 

10 

{} in one particular group of compounds of the invention is a covalent bond. 

R® in compounds of formula (1) is In particular a hydrogen or halogen atom or 
an optionally substituted Ca^ cycloalkyl. 5 to 7 membered heterocycloalkyi, 
15 phenyl or a 5 to 1 0 membered heteroaryl group. 

Particular R® examples include hydrogen or fluorine or optionally substituted 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, azetidinyl, pyrrolidinyl, 
pyrrdlidinonyl, piperidinyl, imidazolldinyl, thiazolidinyl, piperazinyl, A/-Ci^ 

20 alkylplperazinyl, especially AA-methylpiperazinyl, N-C^^ alkylpyrolidinyl, 
especially AA-methylpyrrolidinyl, A^-d-e alkylpiperidinyl, especially N- 
methylplperidinyl, homopiperazinyl, morpholinyl, thiomorpholinyl, oxazolidinyl, 
tetrahydrofuranyl, tetrahydropyranyl, phenyl, pyrrolyl, furyl, thienyl, Imldazolyl, 
AA-Ci.6alkylimidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, 

25 triazolyl, oxadiazolyl, thiadiazolyl, pyridyl, pyrimidlnyl, pyrldazinyl, pyrazinyl, 
tetrazolyl, triazinyl, pyridyl-AA-oxide, benzofuryl, benzothienyl or indolyl. More 
particular examples include optionally substituted cyclopropyl, cyclopentyl, 
cyclohexyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, tetrahydropyranyl, 
phenyl, pyrrolyl, furyl, thienyl, imidazolyl, isoxazolyl, pyridyl, pyrimidinyl, 

30 benzofuryl or benzothienyl. 

Typical values of R® include hydrogen, cyclopropyl, cyclopentyl, cyclohexyl, 
. pyrrolidln-1-yl, plperidin-1-yl,.piperidin-4-yl, 1-(fert-butoxycarbonyl)piperidin-4- 
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yl, 1-acetylpiperidln-4-yI, 4-(4-chlorophenoxy)piperidin-1-yl, 4- 
trifluoromethylpiperldln-1 -yl, 4-(2-fluorophenyl)plperidin-1 -yl, 4-(pyridyl-4- 
oxy)plperidln-1-yl, 4-(benzofur-2-yl)piperidln-1-yl, 4-methylpiperazln-1-yI, 4- 
(?erf-butoxycarbonyl)plpera2in-1 -yl, morpholln-1 -yl, tetrahydropyran-4-yl, 

5 phenyl, 3-aminophenyl, 3-amlnomethylphenyl, 3-[(f©rf- 

butoxycarbonyl)aminomethyl]phenyl, ' 3-[(tetrahydrofur- 
3yloxycarbonyl)aminomethyl]phenyl, 2-fluorophenyl, 2,4-difluorophenyl, 2- 
chlorophenyl, 2-trlfluoromethoxyphenyl, 2-trifluoromethylphenyl, 4- 
methoxycarbonylphenyl, 4-carboxyphenyl, 4-methoxyphenyl, pyrrol-2-yl, 1- 

10 methylpyrrol-2-yl, fur-2-yl, 5-[4-(trifluoromethyl)phenyl]fur-2-yl, fur-3-yl, thien-3- 
yl, 1-methylimldazol-2-yl, 3,5-dimethylisoxazol-4-yl, pyrld-2-yl, pyrid-3-yl, 
pyrid-4-yl, pyrimidin-2-yl or benzothlen-3-yl. 

One class of compounds of the Invention has the fomiula (1) wherein is the 
15 chain -Alk^-L^-R^ in which Alk^ is ah optionally substituted aliphatic chain, is 
a covalent bond and is a hydrogen atom. Alk^ in compounds of this type is 
preferably a straight or branched Ci-e alkylene chain as herein defined, 
especially -CHa-, -CH2CH2-, -(CH2)2CH2-, -(CH2)3CH2- or -CH2C(CH3)2-. 
Optional substituents present on these chains Include those as herein defined 
20 for Alk^ substituents, especially -CN, -CO2H, -COaR^^ [where R""^ is as herein 
defined] -CONHR^\ -C0N(R^^)2. -COR^\ Ci.ealkoxy, particularly methoxy or 
ethoxy; haloCi^alkoxy, particularly trifluoromethoxy or difluoromethoxy; 
-S(0)R", -S(0)2R", amino, -NHR^^ or -N(R")2 groups. R" Is In particular a 
alkyi group. In one particular group of compounds of this type Alk^ is a 
25 -CH2-, -CH2CH2-, -CH2CH2CH2- or -CH2CH2CH2CH2- chain substituted with 
a -NH(CH3), -N(CH3)2. -ON, -CO2H, -CO2CH3, -CO2CH2OH3. -C02C(CH3)3. 
-CONH2. -CONHCH3 or -CON(CH3)2 group. Typical examples of R^ in 
compounds of this type include methyl, -(CH2)2C(GH3)3, -CH2C0'Bu or - 
CH2CON(GH3)2. 

30 

Another class of compounds of the invention has the formula (1 ) wherein R^ is 
the chain -Alk^-L%R° In which Alk^ is an optionally substituted aliphatic chain, 
is a covalent bond or a linker atom or group and R^ is an optionally 
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substituted cycloaliphatic, heterocycloaliphatic, aromatic or heteroaromatic 
group especially an optionally substituted heterocycloaliphatic, aromatic or 
heteroaromatic group. Alk^ in compounds of this type is in particular an 
optionally substituted Ci-e alkylene chain, especially -CHr, CH2CH2- or - 

5 CH2CH2CH2-. in compounds of this type is especially an optionally 
substituted 3-10 membered saturated monocyclic heterocycloaliphatic, phenyl 
or monocyclic heteroaromatic group. Particular examples include 
optionally substituted azetidlnyl, pyrrolidlnyl, pyrrolidinonyl, piperidinyl, 
imidazolidinyl, thiazoiidinyl, piperazinyl, AZ-Ci-e alkyipiperazinyl, especially N- 

10 methylpiperazinyl, N-C^^ alkylpyn:olidinyl, especially A/-methylpyrrolidinyl, N- 
alkylplperidinyl, especially A/-methylpiperidinyl, homopiperazinyl, 
morpholinyl, thiomorphollnyi, oxazolidinyl, tetrahydrofuranyl, 
tetrahydropyranyl, phenyl, pyrrolyl, furyl, thienyl, imidazolyl, N-C^. 
ealkylimldazoiyi, oxazolyl, Isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, triazolyl, 

15 oxadiazolyl, thiadiazolyl, pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, tetrazolyl, 
triazinyl, pyridyl-A/^oxide, dihydropyrazolonyl or imidazolonyl. A typical 
example of R^ in compounds of this type includes -CH2phenyl. 

In another class of compounds of the invention R^ is the chain -L^-(Alk*)v-R® 
20 in which js a linker atom or group, Alk* is an optionally substituted aliphatic 
or heteroaliphatic chain, v is zero or the integer 1 and R° is a hydrogen atom 
or an optionally substituted cycloaliphatic, heterocycloaliphatic, aromatic or 
heteroaromatic group, as defined herein. 

25 Aik* In compounds of this class is preferably an optionally substituted straight 
or branched Ci-e alkylene chain as defined herein or a -CH2L^- [where is as 
defined herein], -CH(CH3)L^-. -CHzL^CHz-, -CH(CH3)CH2L3-, -CHgCHaL^-, 
-CHzL^CHgCHg-, -(CH2)2L^CH2-, -(CH2)3L^CH2- or -(CH2)3L^- chain, 
most especially a Ci-e alkylene chain. R® is preferably a hydrogen atom or an 

30 optionally substituted Cs^ cycloalkyi, 3-10 membered saturated monocyclic 
heterocycloaliphatic, phenyl or monocyclic heteroaromatic group. In one 
group of compounds of this class is in particular -0-. -N(R^)-, -C(0)-, -C(S)- 
. -S(0)2-. -C(0)0-, -OC(0)-. -CON(R^)-. -CSN(R^)-, -N(R^)CO- or -N(R^)CS-. 
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[where is especially a hydrogen atom or a methyl group] and Alk* is most 
preferably an optionally substituted C1.3 alkylene chain, especially -CH2-, 
CH2CH2- or -CH2CH2CH2-. In another particular group of compounds of this 
class l2 is a -C(0)-. -C(0)0-, -S(0)2-. -CON(R^). -N(R^)C(0)0- or 

5 -C(0)N(R^)CO- group. Optional substituents which may in particular be 
present on Alk* include -CN, -CO2H, -CO2R" [where R^^ Is as herein defined] 
-CONHR^\ -CON(R^^)2, -COR''\ Ci-ealkoxy, particularly methoxy or ethoxy; 
haloCi-ealkoxy, particularly trifluoromethoxy or difluoromethoxy; -S(0)R^\ 
-S(0)2R^\ amino, -NHR^^ or -N(R")2, groups. R^^ is in particular a C1.3 alkyi 

10 group. 

Another class of compounds has the formula (1) wherein R is the group R . 
In compounds of this class R® is jn particular a halogen atom a -CN group or an 
optionally substituted Ca^ cycloalkyi, 3-10 membered saturated monocyclic 
15 heterocycloaliphatic, phenyl or monocycric heteroarornatic group. A typical 
example of R^ in compounds of this type Includes pyrid-2-yl. 

In another class of compounds of the invention R^ is the chain -Alk^-L^-Alk*- 
R® in which Alk^ is an optionally substituted aliphatic chain, is a linker atom 
20 or group, Alk* is an optionally substituted aliphatic or heteroaliphatic chain and 
R® Is a hydrogen atom or an optionally substituted cycloaliphatic, 
heterocycloaliphatic, aromatic or heteroaromatic group. 

One particular group of compounds according to the invention has the formula 
25 (1) wherein R^ Is a C1.6 alky! group, especially a C1.3 alky! group, most 
especially a methyl group. 

Another particular group of compounds of the invention has the fomiula (1) 
wherein R^ Is a hydrogen atom. 

30 

One group of cycloaliphatic or heterocycloaliphatic substituents, which may be 
present on the groups A, R** or R°, are one, two, three or more groups selected 
from alkoxy, OCF3, OCF2H. CF3, C1.3 alkylthio, optionally substituted 
straight or branched G1.3 alkyl (wherein the optional alkyl substituent is in 
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particular an optionally substituted plienyl or monocyclic heteroaromatic 
group), optionally substituted phenyl or monocyclic heteroaromatic group, - 
CN, NHCH3, N(CH3)2, CONH2, CONHCH3, C0N(CH3)2, CO2CH3, 
CO2CH2CH3. -C02C(CH3)3. or -COCH3, -NHCOCH3, -N(CH3)COCH3 or 
5 CO2H. Further substituents, which may in particular be present on R®, include 
terf-butoxycarbonyl, optionally substituted phenoxy e.g. 4-chlorophenoxy, 
pyridyloxy e.g. pyrid-4-yloxy. 

One group of aromatic or heteroaromatic substituents, which may be present 
10 on the groups or R®, or the aryl or heteroaryl group optionally fused to the 
group A, are one, two, three or more atoms or groups selected from fluorine, 
chlorine, straight or branched alkyi, optionally substituted morphollnyl, 
thiomorpholinyl, piperazinyl, pyrrolidinyl, piperidinyl, methoxy, OCF3, OCF2H, 
CF3, CN, NHCH3, N(CH3)2, CONH2, CONHCH3, CON(CH3)2, CO2CH3, 
15 CO2CH2CH3, -C02C(CH3)3. or -COCH3, -NHCOCH3, -N(CH3)COCH3. 
-SCH3, -SO2CH3 or CO2H. 

One particular class of compounds of the invention has the formula (1 a): 




in which A is an optionally substituted cyclopentyl ring fused to a group Cy in 
which Cy is an optionally substituted phenyl or monocyclic Cvgheteroaromatic 
group, especially a 5 or 6 membered heteroaromatic group, containing for 
example one, two, three or four heteroatoms selected from oxygen, sulfur or 
nitrogen atoms as defined hereinbefore; T is a carbon or nitrogen atom; R\ 
R^, R^, R® and X are as defined and further defined for compounds of formula 

(1). 

Another particular class of compounds of the Invention has the fonnula (lb): 



20 
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A N R6 



(lb) 



H 

in which A is an optionally substituted pyrrolidinyl ring; R\ R^, R^ R® and X 
are as defined and further defined for compounds of formula (1). 

5 In one particular class of compounds of formula (1 b) R^ is a group -L^-(Alk'*)v- 
R® in which is a linker atom or group, Alk"^ is an optionally substituted 
aliphatic or heteroaliphatic chain, v is zero or the integer 1 and R® is a 
hydrogen atom or an optionally substituted cycloaliphatic, 
heterocycloallphatic, aromatic or heteroaromatic group, as defined herein. 

10 Alk'* in compounds of this type is preferably an optionally substituted straight 
or branched Ci.6 alkylene chain as defined herein or a -CH2L®- [where I? is as 
defined herein], -CH(CH3)L^-, -CHzL^CHz-, -CH(CHa)CH2L3-, -CHaCHgL^-. 
-CHgL^CHsCHz-, -(CH2)2L^CH2-. -(CH2)3L^CH2- or -(CH2)3L^- chain, 
most especially a alkylene chain. R^ is preferably a hydrogen atom or an 

15 optionally substituted Ca^ cycloalkyl, 3-10 membered saturated monocyclic 
heterocycloallphatic, phenyl or monocyclic heteroaromatic group. In one 
group of compounds of this class is in particular -C(0)-, -C(S)-, -8(0)2-, - 
C(0)0-, -CON(R^)- or -CSN(R^)- [where R'' is especially a hydrogen atom or a 
methyl group] and Alk* is most preferably an optionally substituted 

20 alkylene chain, especially -CH2-, CH2CH2- or -CH2CH2CH2-. In another 
particular group of compounds of this class is a -C(0)-, -C(0)0-, -S(0)2-, 
-CON(R^), -N(R^)C(0)0- or -C(0)N(R^)CO- group. Optional substltuents 
which may in particular be present on Alk* include -ON, -CO2H, -CO2R" 
[where R^^ is as herein defined] -CONHR", -C0N(R^^)2, -COR", Ci^lkoxy, 

25 particularly methoxy or ethoxy; haloCi^alkoxy, particularly trifluoromethoxy or 
difluoromethoxy; -S(0)R^\ -S(0)2R^\ amino, -NHR^^ or-N(R^^)2. groups. R^^ is 
in particular a Ci-salkyl group. 



30 



One particular group of compounds of this type has the formula (lb) wherein 
is a linker group selected from -0(0)-, -C(S)-, -S(0)2-. especially -0(0)-, v 
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is zero and is an optionally substituted 3-10 membered saturated 
monocyclic heterocycloaliphatic group whicli contains one or more N atoms or 
groups, wiierein the heterocycloaliphatic group is attached to the group 
through any available N atom. Particular examples of groups of this type 
5 Include optionally substituted azetidinyl, pyrrolldlnyl, piperidinyl, Imidazolldinyl, 
thiazolidinyl, pyrazolidinyl, piperazinyl, N-Ci^ alkylpiperazinyl, 
homopiperazinyl, morpholinyl, thiomorpholinyl or oxazolidinyl, especially 
optionally substituted pyrrolldlnyl, piperidinyl, piperazinyl or morpholinyl. 

10 A further particular class of compounds of the invention has the formula (1c): 

(1C) 

-Rs 




16 



R« 

Wherein R\ R^ R^, R^ and X are defined for compounds of fonnulae (1) and 
(lb); R^^ is a group selected from -CN, -C02R^°° [where R^°* is a hydrogen 
atom or a Ci-ealkyl group], -AlkOR^°^ [where Alk is a Ci.3alkylene chain], 
15 NR'°°COR'^ [where R^^ is a Ci-ealkyI group], -NR'°^S02R'^ -SOzR'^ -COR 
-CONR^^R^® [where R^^ and R^^ which may be the same or different, is each 
a hydrogen atom or a Ci^alkyl group, or R^^ and R^® may join together to form 
a 4 to 6 membered heterocycloalkyi group], -NR^^R^^ -S02NR^^R^°, Ci^alkyl, 
haloCi^alkyl or 5 or 6 membered heteroaryl group. 

20 

R"*® in one particular group of compounds of formula (1c) is selected from -CN, 
-C02R^°^ -AlkOR^°", -NR^°^COR^^ .CONR^^R^^ -NR"R^^ or optionally 
substituted Ci^alkyl or 5 or 6 membered heteroaryl group. 

25 In one particularly preferred group of compounds of fomiula (1c) R^* is 
selected from -CN. -C02R^°^ -AlkOR^°^ -CONR"R^^ or a 5 or 6 membered 
heteroaryl group. One particularly preferred group of compounds has the 
formula (1c) wherein R^^ is a -C02R^°* or -CONR^^R^^ group. 
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Particular Ci^ alkyi groups, which may represent the groups fC°^, fC^, fC'^ or 
R^^ in compounds of formula {1c), Include methyl, ethyl, propyl or isopropyl. 

Alk In compounds of formula (1c) is preferably a C1-3 alkylene chain, especially 
5 methi^ene or ethylene. 

Particular heterocycloalkyi groups, which may represent NR"R^^, include 4-6 
membered heterocycloalkyi groups selected from azetidinyl, pyrrolidlnyi, 
piperidinyl, Imidazolidinyl, thiazolidlnyl, pyrazolidinyl, piperazinyl, /V-Ci-e 
10 alkylpiperazinyl, morpholinyl, thiomorpholinyl, oxazolidinyl, most particularly 
pyrrolidinyl. 

Particular heteroaryl groups which may represent R^® include optionally 
substituted 5 membered groups selected from pyrrolyl, furyl, thienyl, imidazolyl, 
15 /S^Ci-ealkylimidazoIyi, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, 
triazolyl, oxadiazolyl, thiadiazolyl ortetrazolyl, especially 3-methyl oxadiazolyl. 

Typical examples of the group R^^ include -CO2CH3, -C02CH(CH3)2. -CO2H, 
CON(CH3)2, -C(0)pyrrolidin-1-yl or 3-methyloxadiazolyl. 

20 

Typical examples of R° in compounds of fomnula (1c) include H, -CO2CH3, 
-CO2CH2CH3, -C02CH(CH3)2. -C02C(CH3)3, -C(6)fur-2-yl, -C(0)piperidin-1- 
yl, -C0N(CH3)phenyl or -C(0)N(CH3)0CH3. 

25 Compounds of fomnula (1) are potent inhibitors of IMPDH. The ability of the 
compounds to act In this way may be simply determined by employing tests 
such as those described in the Examples hereinafter. 

Thus the compounds of the invention may be used in the treatment of IMPDH- 
30 associated disorders. The invention extends to such a use and in general to 
the use of the compounds of formula (1 ) for the manufacture of a medicament 
for treating such diseases and disorders. 
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"IMPDH-associated disorders" refers to any disorder or disease state in whicli 
inhibition of Xhe enzyme IMPDH (inosine monpfiospliate dehydrogenase, 
EC1.1.1.205, of which there are presently two known isozymes referred to as 
IMPDH type 1 and IMPDH type 2) would modulate the activity of cells (such 

5 as lymphocytes or other cells) and thereby ameliorate or reduce the 
symptoms or modify the underlying cause(s) of that disorder or disease. 
There may or may not be present in the disorder or disease an abnomnality 
associated directly with the IMPDH enzyme. Examples of IMPDH-associated 
disorders include transplant rejection and autoimmune disorders, such as 

10 rheumatoid arthritis, lupus, multiple sclerosis, juvenile diabetes, asthma, and 
inflammatory bowel disease, as well as inflammatory disorders, cancer and 
tumors, T-cell mediated hypersensitivity diseases, ischemic or reperfuslon 
injury, viral replication diseases, proliferative disorders and vascular diseases. 

15 Use of the compounds of the present invention is exemplified by, but is not 
limited to, treating a range of disorders such as: treatment of transplant 
rejection (e.g. I<idney, liver, heart, lung, pancreas (e.g., islet cells), bone 
marrow, cornea, small bowel, skin allografts, skin homografts (such as 
employed in burn treatment), heart valve xenografts, serum sickness, and 

20 graft vs. host disease, in the treatment of autoimrhune diseases, such as 
rheumatoid arthritis, psoriatic arthritis, multiple sclerosis, juvenile diabetes, 
asthma, inflammatory bowel disease (such as Crohn's disease and ulcerative 
colitus), pyoderma gangrenum, lupus (systemic lupus erythematosis), 
myasthenia gravis, psoriasis, eczema, demnatitls, denmatomyosis, atopic 

25 demiatitis; multiple sclerosis, seborrhoea, pulmonary inflammation, eye 
uveitis, hepatitis, Grave's disease, Hashimoto's thyroiditis, • autoimmune 
thyroiditis, Behcefs or Sjorgen's syndrome (dry eyes/mouth), pemicious or 
Immunohaemolytic anaemia, Addison's disease (autoimmune disease of the 
adrenal glands), idiopathic adrenal insufficiency, autoimmune polyglandular 

30 disease (also known as autoimmune polyglandular syndrome) 
glomerulonephritis, scleroderma, morphea, lichen planus, viteligo 
(depigmentation of the skin), alopecia areata, autoimmune alopecia, 
autoimmune hypopituatarism, cicatricial pemphigoid, Gullivan-Barre 
syndrome, and alveolitis; in the treatment of T-cell mediated hypersensitivity 
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diseases, including contact fiypersensitlvlty, delayed-type hypersensitivity, 
contact dermatitis (inciuding that due to poison ivy), urticaria, skin allergies, 
respiratory allergies (hayfever, allergic rhinitis) and gluten-sensitive 
enteropathy (Celiac disease); in the treatment of Inflammatory diseases such 

5 as osteoarthritis, acute pancreatitis, chronic pancreatitis, asthma, acute 
respiratory distress syndrome, Sezaiys syndrome and vascular diseases 
which have an Inflammatory and or a proliferatory component such as 
restenosis, stenosis and artherosclerosis; in the treatment of cancer and 
tumor disorders, such as solid tumors, lymphomas and leukemia; in the 

10 treatment of fungal infections such as mycosis fungoides; in protection from 
ischemic or reperfuslon injury such as Ischemic or reperfusion injury that may 
have been incurred during organ transplantation, myocardial infarction, stroke 
or other causes; in the treatment of DNA or RNA viral replication diseases, 
such as herpes simplex type 1 (HSV-1), herpes simplex type 2 (HSV-2), 

15 hepatitis (including hepatitis B and hepatitis C) cytomegalovirus, Epstein-Barr, 
human immundeficiency virus (HIV) and influenza. 

Additionally, IMPDH is also known to be present in bacteria and thus may 
regulate bacterial growth. As such, the IMPDH-inhibitor compounds of the 
20 present invention may be useful in treatment or prevention of bacterial 
infection, alone or in combination with other antibiotic agents. 

In a particular embodiment, the compounds, of the present invention are useful 
for the treatment of the afore mentioned exemplary disorders in-espectlve of 
25 their etiology, for example, for the treatment of lupus, psoriasis, inflammatory 
bowl disease, multiple sclerosis, atopic dermatitis, transplant rejection or 
rheumatoid arthritis. 

In another particular embodiment tiie compounds of the present Invention are 
30 of particular use for the treatment of DNA or RNA viral replication diseases, 
such as hepatitis (Including hepatitis B and hepatitis C) cytomegalovirus, 
human immundeficiency virus (HIV) and influenza. 



30 



wo 2004/022554 



PCT/GB2003/003878 



In an additional particular embodiment the compounds of the present 
Invention are of particular use for the treatment of cancer and tumour 
disorders, such as solid tumors, lymphoma, leukemia and other forms of 
cancer. 

5 ■ 

The compounds of formula (1) can be used alone or In combination with other 
therapeutic or prophylactic agents, such as anti-virais, anti-inflammatory 
agents, antibiotics, anticancer agents and immunosuppressants. 

10 For the prophylaxis or treatment of disease the compounds according to the 
Invention may be administered as pharmaceutical compositions, and 
according to a further aspect of the Invention we provide a pharmaceutical 
composition which comprises a compound of formula (1) together with one or 
more phannaceutically acceptable carriers, excipients or diluents. 

15 

Alternate compositions of this invention comprise a compound formula (1) or a 
salt thereof; an additional agent selected from an immunosuppressant, an anti- 
cancer agent, an anti-viral agent, anti-Inflammatory agent, antl-fungal agent, 
anti-vascular hyperproliferation agent or an antibiotic agent; and any 
20 phannaceutically acceptable carrier, adjuvant or vehicle. 

Thus, for example, additional immunosuppression agents include, but are not 
limited to, cyclosporin A, FK506, rapamycin, leflunomide, deoxyspergualln, 
prednisone, azathioprine, 0KT3, ATAG, Interferon and mizoriblne. Additional 

25 anti-cancer agents Include, but are not limited to, cis-platin, actlnomycin D, 
doxorubicin, vincristine, vinblastine, etoposlde, arnsacrlne, mitoxantrone, 
tenlpaside, taxol, colchlclnei cyclosporin A, phenothlazlnes, Interferon and 
thioxantheres. Additional anti-viral agents Include, but are not limited to, 
Cytovene, Ganiclovir, trisodium phosphonofomiate, Ribavirin, d4T, ddl, AZT 

30 and acyclovir. Additional anti-vascular hyperprollferative agents Include, but 
are not limited to, HMG Co-A reductase inhibitors such as iovastatin, 
thromboxane A2 synthetase inhibitors, eicosapentanoic acid, ciprostene, 
trapidil, ACE inhibitors, low molecular weight heparin, and rapamycin. 
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The above other therapeutic agents, when employed in combination with the 
compounds of the present Invention, may be used, for example, in those 
amounts indicated in the Physician's Desk Reference (PDR) or as otherwise 
" detenrnined by one of ordinary sl<iii in the art. 
5 , 

Pharmaceutical compositions according to the Invention may take a form 
suitable for oral, buccal, parenteral, nasal, topical, vaginal or rectal 
administration, or a form suitable for administration by inhalation or 
insufflation. 

10 

For oral administration, the pharmaceutical compositions may take the fomi 
of, for example, tablets, lozenges or capsules prepared by conventional 
means with pharmaceutically acceptable excipients such as binding agents 
(e.g. pregelatlhised maize starch, polyvinylpyrrolidone or hydroxypropyl 

15 methylcellulose); fillers (e.g. lactose, microcrystalllne cellulose or calcium 
hydrogen phosphate); lubricants (e.g. magnesium stearate, talc or silica); 
disintegrants (e.g. potato starch or sodium glycbllate); or wetting agents (e.g. 
sodium lauryl sulphate). The tablets may be coated by methods well known in 
the art. Liquid preparations for oral administration may take the form of, for 

20 example, solutions, syrups or suspensions, or they may be presented as a dry 
product for constitution with water or other suitable vehicle before use. Such 
liquid preparations may be prepared by conventional means with 
phamnaceutlcally acceptable additives such as suspending agents, 
emulsifying agents, non-aqueous vehicles and presen^atives. The 

25 preparations may also contain buffer salts, flavouring, colouring and 
sweetening agents as appropriate. 

Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound 

30 

For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 
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The compounds for formula (1) may be formulated for parenteral 
administration by injection e.g. by bolus injection or infusion. Formulations for 
Injection may be presented in unit dosage form, e.g. in glass ampoule or multi 
dose containers, e.g. glass vials. The compositions for injection may take 

5 such forms as suspensions, solutions or emulsions In oily or aqueous 
vehicles, and may contain formulatory agents such as suspending, stabilising, 
preserving and/or dispersing agents. Alternatively, the active ingredient may 
be in powder form for constitution with a suitable vehicle, e.g. sterile pyrogen- 
free water, before use. For particle mediated administration the compounds of 

10 fomiula (1 ) may be coated on particles such as microscopic gold particles. 

In addition to the fomiulations described above, the compounds of formula (1) 
may also be formulated as a depot preparation. Such long acting formulations 
may be administered by implantation or by intramuscular injection. 

15 

For nasal administration or administration by inhalation, the compounds for 
use according to the present invention are conveniently delivered in the form 
of an aerosol spray presentation for pressurised packs or a nebuliser, with the 
use of suitable propellant, e.g. dichlorodifluoromethane, trichloro- 
20 fluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas 
or mixture of gases. 

For vaginal or rectal administration the compounds of fonnula (1) may be 
formulated as a suppository. These formulations may be prepared by mixing 
25 the active ingredient with a suitable non-irritating exclpient which is a solid at 
room temperature but liquid at the body temperature. Such materials include 
for example cocoa butter and polyethylene glycols. 

The compositions may, if desired, be presented in a pacl< or dispenser device 
30 wlnich may contain one or more unit dosage forms containing the active 
ingredient. The pack or dispensing device may be accompanied by 
instructions for administration. 
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The quantity of a compound of the invention required for the prophylaxis or 
treatment of a particular condition will vary depending on the compound 
chosen, and the condition of the patient to be treated. In general, however, 
daily dosages may range from around 100ng/kg to 100mg/kg e.g. around 
5 0.01mg/kg to 40mg/kg body weight for oral or buccal administration, from 
around lOng/kg to 50mg/kg body weight for parenteral administration and 
around O.OSmg to around lOOOmg e.g. around 0.5mg to around lOOOmg for 
nasal administration or administration by inhalation or insufflation. 

10 The compounds of the invention may be prepared by a number of processes 
as generally described below and more specifically in the Examples 
hereinafter. Many of the reactions described are well-known standard 
synthetic methods which may be applied to a variety of compounds and as 
such can be used not only to generate compounds of the invention, but also 

15 where necessary the Intemiediates thereto. 

In the following process description, the symbols R\ R^, R^, R^ and R^ when 
used in the fomnulae depicted are to be understood to represent those groups 
described above in relation to formula (1) unless othenwise indicated. In the 

20 reactions described below, it may be necessary to protect reactive functional 
groups, for example hydroxy, amino, thio or carboxy groups, where these are 
desired in the final product, to avoid their unwanted participation in the 
reactions. Conventional protecting groups may be used in accordance with 
standard practice [see, for example. Green, T. W. in "Protective Groups in 

25 Organic Synthesis", John Wiley and Sons, (1999) and the examples herein]. 
In some instances, deprotectipn may be the final step in the synthesis of a 
compound of formula (1) and the processes according to the invention 
described hereinafter are to be understood to extend to such removal of 
protecting groups. It will be appreciated that the syntheses described herein 

30 for the preparation of compounds of formula (1) also apply to the compounds 
of fonuulae (la), (lb) and (1c), unless otherwise stated. 



Compounds of formula (1) may be prepared according to one of several 
general methods, including the method shown in Scheme D, below. 
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An appropriate starting material for tlie preparation of compounds of formula 
(1 ) is an amine of formula (ii), as sfiown below. 

5 Amines of general formula (ii) may be prepared in a variety of ways. For 
example, the amine of fomriula (ii) where is a methyl group and is an 
oxazole group may be prepared using methods known in the literature (CAS 
198821-79-3). 

10 Alternatively amines of formula (ii), where is an optionally substituted 
heteroaromatic group, may be prepared using the route as shown In Scheme 
A: 



15 



1) Pd 
R2— W 




•, 2) Reduce or 
(ill) k Deprotect 

Z=C1, BrorOTf 
R=:R'=H or R=R'=0 

or R=H, R'-Proteotlng group Scheme A 



For example, a compound of formula (iii), where Z is a halogen atom e.g. CI or 
Br or a suitable leaving group e.g. trifluoromethylsulfonyloxy (OTf) and -NRR' 
is a nitro group or an amine group (which may be suitably protected), may be 
reacted with a derivative of the desired heteroaromatic group (R^-W, where W 

20 Is as described below) utilising a palladium catalysed cross coupling reaction. 
The following literature methodology may be used to perform this coupling 
reaction according to the nature of the W group; e.g. when W is a hydrogen 
atom meterocvcles . 31, pp. 1951-1958, (1990)); the zinc species (W=ZnCI) (J 
Oraanomet. Chem .. 390, pp. 389-398, (1990); Tetrahedron . 53, pp. 7237- 

25 7254, (1997) ); the mercury species (W=HgBr) fChem. Heterocvcl. Comod .. 
19, pp. 1159-1162, (1983) ) or a boron derivative (W=B(OH)2, W=BEt2) GL 
Med. Chem. . 40, pp. 3542-3550, (1997); J. Org. Chem. . 63, pp. 8295-8303, 
(1998) ). The resulting coupled product may require further manipulation, 
depending on the nature of the -NRR' group, in order to obtain an amine of 

30 formula (ii). For example, when -NRR' is a nitro group this may be reduced to 
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an amine using standard techniques sucii as tliose metliods as described 
hereinafter, or when -NRR' is a protected amine the protecting group may be 
removed using standard methodology, for example a carbamate protecting 
group e.g. fert-butoxycarbonyl may be removed under acidic conditions e.g. 
trifluoroacetic acid. It will be appreciated that the various R^-W derivatives are 
either commercially available or may be prepared using mefriods known to 
those skilled in the art. In a similar manner the compounds of formula (ill) are 
either commercially available or may be prepared using methods known to 
those skilled in the art. For example, the compound of formula (Hi) may be 
prepared by alkylation of the phenol precursor of (ill) using standard 
techniques. 

Further, when R^ Is a CN group amines of formula (II) may be prepared from 
2-hydroxy-4-nltrobenzonltrile (Ilia) (CAS 39835-14-8) as shown In the general 
Scheme B below: 




(II) 



Thus a phenol of formula (liia) may be alkylated using conditions known to 
those skilled In the art, typically using an alkyi hallde e.g. loddethane and 
sodium hydride In A/,A/-dlmethylfomnamlde, to give an ether of fonnula (iiib). 
Alternatively these compounds may be commercially available, for example 
R''=Me (CAS 101084-96-2). The compound of fomiula (mb) may then be 
reduced to give the desired amine of formula (11) using standard methods, for 
example hydrogenolysis using palladium catalysis. 
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The amine of formula (il) may then be converted to an amino acid of general 
fonnula (iv) using a two-step process as shown in Scheme C. Thus an amine 
of formula (ii) may be treated with a halogen source such as bromine or a 
halosuccinimide e.g. chloro or bromosuccinimide. The reaction may be 

5 performed in a solvent such as acetonitrile or an ether e.g. a cyclic ether such 
as tetrahydrofuran at a temperature from about 0° to 30°. When bromine Is 
used as halogen source the reaction may optionally be performed in the 
presence of added base such as an amine e.g. triethylamine. The 
Intermediate thus formed may be converted into a carboxylic acid of fomriula 

10 (iv) using methods l<nown to those skilled in the art. For example the 
halogenated intemiediate may be treated with carbon monoxide under 
pressure in the presence of a catalyst e.g. a palladium catalyst such as 
dichlorobis(triphenylphosphene)palladium(ll) in for example water and an 
appropriate solvent e.g /V,W-dimethylformamlde or tetrahydrofuran. It may be 

15 appropriate to cany out the reaction at an elevated temperature, such as 90- 
lOO'C. 

1) Halogenation T| T 

NHg 2) Carbonylation ^O^^^^^^NHj 

00 Scheme C 

Amino acids of formula (Iv) may also be Imown compounds (e.g. R^=Me, 
20 R2=Oxazole; CAS 371251-38-6). 

In one aspect of the invention quinazolinones of formula (1) may be prepared 
by reacting an amine of formula (vl) with a carbonyi compound of fomiula (vii). 
Thus, quinazolinones of formula (1) may be prepared using the general route 
25 as shown in Scheme D: 
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Thus amino acids of formula (iv) may be reacted witii amines of formula (v) 
using coupling reaction conditions familiar to tliose skilled in the art to give 

5 amides (vi). For example, an acid of formula (iv) may be activated in situ using 
for example a diimide such as 1-(3-dimethylaminopropyl)-3-ethylcarbodlimide 
hydrochloride (EDC), advantageously in the presence of a catalyst such as a 
A/-hydroxy compound, e.g. A^hydroxybenzotriazole, using suitable conditions, 
e.g. in /y/,A/-dlmethylfonmamide, prior to the subsequent addition of an amine 

id of formula (v). A base such as an amine base e.g. triethylamine or 
diisopropylethylamine may also be employed in the reaction. Alternatively 
acids of fomnula (iv) may be reacted with oxalyl chloride in an inert solvent 
(such as dichloromethane) to give an intemiediate acid chloride, which may or 
may not be isolated,, but which in tun) is reacted with an amine of formula (v) 

15 at a suitable temperature such as room temperature to give the amide (vi). 
The reaction may be performed in the presence of a base, such as a hydride, 
e.g. sodium hydride or an amine, e.g. triethylamine or /\/-methylmorpholine, in 
a solvent such as a halogenated hydrocarbon, e.g. dichloromethane or carbon 
tetrachloride or an amide, e.g. dimethylformamide at for example ambient 

20 temperature. 

Amines of formula (v) may be commercially available, known compounds iii 
the literature or may be prepared using methods known to those skilled in the 
art. 

25 
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Formation of quinazolinones of formula (1) may be achieved by condensation 
of amino amides (vi) witli aldeliydes or l<etones of formula (vii) typically using 
acid, e.g p-toluenesulfonic acid, catalysed conditions similar to those 
employed by Bhavani and Reddy (Org. Prep. Proced. Int. 1992, 24, 1) or 

5 Sharma and Kaur (Synthesis 1 989, 9, 677) or Takai et al (Chem. Phami. Bull. 
1985, 33, 1116). The acid used as a catalyst may be hydrochloric acid 
(Klemm et at, J. Heterocycl. Chem. 1998, 35, 1269), or acetic acid (Reddy et. 
al Indian J. Chem. Sec. B, 1988, 27, 135) or a Lewis acid such as 
borontrifluoride diethyl etherate. The reaction may be performed in a sealed 

10 tube, for example, using microwaves as an energy source or under vacuum. 
Suitable solvents for use in this reaction include halogenated hydrocarbons, 
e.g. dichloromethane or dichloroethane, amides, e.g. dimethylformamlde, 
ethers such as cyclic ethers e.g. 1-4-dioxane, alcohols e.g. ethanol or esters 
e.g. Isopropylacetate. Drying agents such as magnesium sulfate or molecular 

15 sieves may be added or the reaction may be performed using Dean Stark 
conditions. The reaction may be achieved , at a range of temperatures e.g. 
from room temperature to reflux. 

Carbonyl compounds of fomnula (vii) are either commercially available or may 
20 be prepared using methods known to those skilled in the art. Alternatively a 
carbonyl compound protected as an acetai may be used in the condensation 
reaction rather than the carbonyl compound itself. Such compounds are either 
commercially available or prepared using methods previously reported in the 
literature. 

25 

Compounds of formula (1c) may be prepared from appropriate ketones of 
formula (vii), e.g. 4-hydroxyproline,. using standard methodology known to 
those skilled in the art, such as those methods as described In the examples 
hereinafter. For example, starting from 4-hydroxyprorine of known 
30 stereochemistry, standard manipulations may afford ketones of fomaula (vii) 
as enatiomerically pure compounds. Cyciisation of these ketones with amino 
annides of formula (vi) may thus afford two out of four possible diastereomers 
of quinazolinones of formula (1c). The diastereomers thus formed may be 
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separated using methods known to those skilled in the art, such as by column 
chromatography and/or preparative HPLC. 

It will be appreciated by one skilled in the art that the group In compounds 
of formula (vii) may be further functionalised after ring cyclisatlon has taken 
place. 

Quinazolinethiones of formula (1) (where X=S) may be prepared from the 
corresponding quinazolinone (X=0) for example, by reaction with a thiation 
reagent, such as Lawesson's Reagent or P2S5, in an anhydrous solvent, for 
example a cyclic ether such as tetrahydrofuran, or toluene at an elevated 
temperature such as the reflux temperature (see for example Tetrahedron 
1985,41,5061). 

It will be appreciated that compounds of fomnula (1) or any' preceding 
intermediates may be further derlvatised by one or more standard synthetic 
methods employing substitution, oxidation, reduction or cleavage reactions. 
Particular substitution approaches include conventional alkylation, arylatlon, 
heteroarylation, acylation, thioacylation, halogenation, sulphonylation, 
nitration, formylation and coupling procedures. It will be appreciated that these 
methods may also be used to obtain or modify other compounds of any of 
formula. (1) or any preceding intemiediates where appropriate functional 
groups exist in these compounds. 

For example, ester groups may be converted to the corresponding acid [- 
CO2H] by acid- or base-catalysed hydrolysis depending on the nature of the 
ester. Acid- or base- catalysed hydrolysis may be achieved for example by 
treatment with an organic or Inorganic acid, e.g. trlfluoroacetlc acid in an 
aqueous solvent or a mineral acid such as hydrochloric acid in a solvent such 
as dioxan or an alkali metal hydroxide, e.g. lithium hydroxide in an aqueous 
alcohol, e.g. aqueous methanol. Similarly an acid [-CO2H] may be prepared 
by hydrolysis of the corresponding nitrile [-CN], using for example a base such 
as sodium hydroxide in a refluxing alcoholic solvent, such as ethanol. 
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In another example, -OH groups may be generated from the corresponding 
ester or aldehyde [-CHO] by reduction, using for example a complex metal 
hydride such as lithium aluminium hydride in e.g. tetrahydrofuran or sodium 
borohydride in an alcohol e.g. methanol. Alternatively an alcohol may be 
5 prepared by reduction of the corresponding acid [-CO2H], using for example 
lithium aluminium hydride in a solvent such as tetrahydrofuran. 

Alcohol groups may be converted into leaving groups, such as halogen atoms 
or sulfonyloxy groups such as an alkylsulfonyloxy, e.g. 
10 trifluoromethylsulfonyloxy or arylsulfonyloxy, e.g. p-toluenesulfonyloxy group 
using conditions known to those skilled in the art. For example, an alcohol 
may be reacted with thionyl chloride in a halogenated hydrocarbon e.g. 
dichloromethane to yield the corresponding chloride. A base e.g. triethylamlne 
may also be used in the reaction. 

15 

In another example, alcohol or phenol groups may be converted to ether groups 
groups by coupling a phenol with an alcohol in a solvent such as tetrahydrofuran 
in the presence of a phosphine, e.g. triphenylphosphine and an activator such 
as diethyl-, dlisopropyl-, or dimethylazodicarboxylate. Alternatively ether groups 
20 may be prepared by deprotonation of an alcohol, using a suitable base e.g. 
sodiurti hydride followed by subsequent addition of an alkylating agent, such as 
an alkylhallde. 

Aldehyde or ketone groups may be obtained by oxidation of a corresponding 
25 alcohol using well known conditions. For example using an oxidising agent 
such as a perlddinane e.g. Dess Martin, In a solvent such as a halogenated 
hydrocarbon, e.g. dichloromethane. An alternative oxidation may be suitably 
activating dimethyl sulfoxide using for example, oxalyl chloride, followed by 
addition of an alcohol, and subsequent quenching of the reaction by the 
30 addition of an amine base, such as triethylamine. Suitable conditions for this 
reaction may be using an appropriate solvent, for example, a halogenated 
hydrocarbon, e.g. dichloromethane at -78°C followed by subsequent warming 
to room temperature. 
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In a further example primary amine (-NH2) or secondary amine (-NH-) groups 
may be alkylated using a reductive alkylation process employing an aldehyde 
or ketone and a borohydride, for example sodium triacetoxyborohyrtde or 
sodium cyanoborohydride, in a solvent such as a halogenated hydrocarbon, 
5 e.g. dichloromethane or an alcohol, e.g. ethanol, where necessary in the 
presence of an acid such as acetic acid at around ambient temperature. 

In a further example, amine [-NH2I groups may be obtained by hydrolysis from 
a con-esponding imide by reaction with hydrazine in a solvent such as an 
10 alcohol, e.g. ethanol at ambient temperature. 

In another example, a nitro [-NO2] group may be reduced to an amine [-NH2], 
for example by catalytic hydrogenation using for example hydrogen In the 
presence of a metal catalyst, for example palladium on a support such as 
15 carbon in a solvent such as an ether, e.g. tetrahydrofuran or an alcohol e.g. 
methanol, or by chemical reduction using for example a metal, e.g. tin or iron, 
in the presence of an acid such as hydrochloric acid. 

In a further example amine (-CH2NH2) groups may be obtained by reduction 
20 of nitrites (-CN), for example by catalytic hydrogenation using for example 
hydrogen in the presence of a metal catalyst, for example palladium on a 
support such as carbon, or Raney nickel, in a solvent such as an ether e.g. a 
cyclic ether, e.g. tetrahydrofuran, at a temperature from -78°C to the reflux 
temperature. 

25 

Compounds possessing a urea linker may be prepared by reaction of an 
isocyanate with an amine in the presence of a base e.g. triethylamine or 
DIPEA in a suitable solvent such as dichloromethane. Isocyanates may be 
prepared by reaction of an amine with phosgene or triphosgene in the 
30 presence of a base e.g. triethylamine in a suitable solvent such as 
dichloromethane. 

Compounds possessing an amide linker may be prepared by reaction of an 
amine with an activated acid using standard methods known to those skilled in 
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the art. For example, acids may be activated in situ using for example a 
diimide such as EDC, advantageously in the presence of a catalyst such as a 
/V-hydroxy compound, e.g. A/-hydroxybenzotriazole, using suitable conditions, 
e.g. in /N/,AA-dlmethylfonnamlde, prior to the subsequent addition of an amine. 
5 A base such as an amine base e.g. triethylamlne or dllsopropylethylamine 
may also be employed in the reaction. Alternative activated acids, which may 
be used, include acid chlorides, chlorofomnates or anhydrides. 

Aromatic halogen substituents In the compounds may be subjected to 
10 halogen- metal exchange by treatment with a base, for example a lithium base 
such as n-butyl or f- butyl lithium, optionally at a low temperature, e.g. around 
-78°C, in a solvent such as tetrahydrofuran and then quenched with an 
electrophile to Introduce a desired substltuent. Thus, for example, a formyl 
group may be introduced by using dimethylformamlde as the electrophile; a 
15 thiomethyl group may be introduced by using dimethyldisulphlde as the 
electrophile. Aromatic halogen substituents may also be subjected to 
palladium catalysed reactions, to Introduce, for example, acid, ester, cyano or 
amino substituents. 

20 In another example, sulfur atoms in the compounds, for example when 
present in a linker group L\ or may be oxidised to the corresponding 
sulfoxide or sulfone using an oxidising agent such as a peroxy acid, e.g. 3- 
chloroperoxybenzoic acid, in an Inert solvent such as a halogenated 
hydrocarbon, e.g. dichloromethane, at around ambient temperature. 

25 

N-oxIdes of compounds of fomiula (1) may be prepared for example by 
oxidation of the corresponding nitrogen base using an oxidising agent such as 
hydrogen peroxide In the presence of an acid such as acetic acid, at an 
elevated temperature, for example around TO'C to 80°C, or alternatively by 
30 reactiori with a peracid such as peracetic acid In a solvent, e.g. 
dichloromethane, at ambient temperature. 



Salts of compounds of formula (1) may be prepared by reaction of a 
compound of formula (1) with an appropriate base or acid in a suitable solvent 
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or mixture of solvents e.g. an organic solvent such as an ether e.g. 
diethylether, or an alcohol, e.g. ethanol or an aqueous solvent using 
conventional procedures. Salts of compounds of formula (1) may be 
exchanged for other salts by use of conventional ion-exchange 
5 chromatography procedures. 

Where it Is desired to obtain a particular enantiomer of a compound of formula 
(1) this may be produced from a corresponding mixture of enantiomers using 
any suitable conventional procedure for resolving enantiomers. 

10 

Thus for example diastereomeric derivatives, e.g. salts, may be produced by 
reaction of a mixture of enantiomers of fomiula (1) e.g. a racemate, and an 
appropriate chlral compound, e.g. a chiral base. The diastereomers may then 
be separated by any convenient means, for example by crystallisation and the 
15 desired enantiomer recovered, e.g. by treatment with an acid In the instance 
where the diastereomer Is a salt. 

In another resolution process a racemate of fonnula (1) may be separated 
using chiral High Performance Liquid Chromatography. Alternatively, if 
20 desired a particular enantiomer may be obtained by using an appropriate 
chiral intermediate in one of the processes described above. 

Chromatography, recrystallisation and other conventional separation 
procedures may also be used with intermediates or final products where it is 
25 desired to obtain a particular geometric isomer of the invention. 

The following Examples illustriate the invention. All temperatures are in °C. 
Where experimental detail is not given for the preparation of a reagent It is 
either commercially available, or It is known in the literature, for which the 
30 CAS number is quoted. ■'H NMR spectra were obtained at SOOMHz or 400MHz 
unless otherwise indicated. 

The following LCMS conditions were used to obtained the retention times (RT) 
as described herein: 
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10 



15 



LCMS conditions; 

HP 1100 (Diode Array) linked to a Finnigan LC-Q IVIass Spectrometer, ESI 
mode witii Pos/Neg ionization 



Column: 

Column Temp: 
Mobile Phase: 

Flow rate: 
Gradient: 



Run time: 

Typical Injection Vol: 
Detector Wavelengtli: 



Luna C18(2) 100x4.6mm, 
Analytical column 
35°C 

A: Water + 0.08% formic acid 
B: Acetonitrile + 0.08% formic acid 
3ml/min 

% Composition B: 
5 

95 
95 
5 
5 



5\m\ particle size 



Time (mins): 
0 

4.4 
5.30 
5.32 
6.5 
6.5 mins 
10jil 

DAD 200-400nm 



20 



25 



30 



Ctiiral column conditions; 

Varian Gradient HPLC system consisting of Varian 9012/9050/9100 IVIodules 
and Waters fraction collector. 
Column: 



Column Temp: 
Mobile Phase: 

Flow rate: 
Isocratic: 
Run time: 

Typical Injection Vol: 
Detector Wavelength: 



Chiralpal^ AD 250x 20mm, lOjim particle size Prep 
column 
35°C 

A: EtOH+0.1%DEA 

B: Heptane 

6ml/mln 

60% A : 40% B 

1 8 mins 

320mJ at 40mg/ml 
252nm 
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Preparative LC conditions fMethod A); 

Giison 215 liquid handler setup. 

Column: Luna CI 8(2) 250x21 .2mm, 5]iM particle size PREP column 



Column Temp: 
Gradient: 

Run Time: 
Flow rate: 

Typical Injection Vol: 
Detector Wavelength: 
Mobile Phase: 



45 



Ambient 

Variable - depends on retention time of sample in 
LC-MS analysis. 
20 mins 
25ml/min 

0.5 - 4.0ml at 25mg/ml 

210and254nm 

A: Water + 0.08% formic acid 

B: Acetonitrile + 0.08% formic acid 
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Preparative LC conditions fMethod B); 
Gllson 215 liquid handler setup. 

Column: Luna C18{2) 100x21mm, 5DM particle size Prep 

5 column 
Column Temp: Ambient. 

Gradient : Variable- depends on retention of sample in LCMS 

screen 

RunTime: lOmins 
10 Flow rate: 20ml/min 
Typical Injection volume : 500DI 
Detector Wavelength: 210and254nM 
Mobile phase : A: Water + 0.08% formic acid 

B: MeCN + 0.08 % fomiic acid 



15 



20 



Retrieve medium pressure liquid chromatoaraphv (MPLO conditions: 
Column: Redlsep Isco Flash Column (4g) 

Gradient: Variable - depends on Rf of sample. 

Flow rate: Approximately 18ml/min 



Abbreviations used :- 

DCM - Dichloromethane; DCE - Dichloroethane; 

DEA - Diethylamine; Et^O - Diethyl ether; 

DMF - A/,A/-Dimethylformamlde; de-DMSO - Dimethyl-de sulphoxide; 
25 DIPEA - Di-/sopropylethylamine; EtOH - Ethanol; 
EtOAc - Ethyl acetate; MeOH - Methanol; 

d4-MeOH - Methanol-d4: TEA - Triethylamine; 

PTSA - pa/a-Toluenesulfonic acid 

BOC - fert-butoxycarbonyl HOBT - 1-Hydroxybenzotrlazole hydrate; 
30 EDC - 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 

HBTU - 2-[7/+Benzotriazole-1-yll-1,1,3,3-tetramethyluronlum 

hexafluorophosphate 

DBN - 1,8-diazobicyclo[4.3.0]non-5-ene 

35 intermediate 1. 

2-Amino-4-methoxv-A^methvl-5-oxazol-5-vl-benzamide 

To a solution of 2-amino-4-methoxy-5-oxazol-5-yl-benzolc acid (CAS 371251- 

38-6) (200mg) in dry DCM (10ml) at room temperature was added TEA 
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(0.33ml) and EDC (250mg) followed by methylamine hydrochloride {130mg). 
The reaction mixture was allowed to stir for 22 hours. The solvertt was 
removed in vacuo and the residue purified by column chromatography on 
silica eluting with EtOAc to yield the title compound as a pale yellow solid 
5 {76mg, 36%). TLC Rf 0.31 (EtOAc). LCMS 248 [M+Hf, RT 2.04 mins. 
NIVIR 300MHz (de-DMSO) 8.33 (1H, s), 8.25-8.20 (1H, m, br), 7.85 (1H, s), 
7.25 (1H, s). 6.95-6.85 (2H, s, br), 6.40 {1H, s), 3.85 (3H, s), 2.75-2.70 (3H, 

Intermediate 2. 
10 2-Amino-4-methoxv-5-oxazol-5-vl-benzamide 

2-Amino-4-methoxy-5-oxa20l-5-yl-benzoic acid (CAS 371251-38-6) (3.5g), 
EDC (2.87g) and HOBT (2.02g) were combined in a 0.5M ammonia in 
dioxane solution (100ml) and stin-ed at room temperature for 21 hours. The 
reaction mixture was evaporated directly onto silica and purified by column 
15 chromatography on silica eluting with 75-100% EtOAc/heptane rising to 5% 
MeOH/EtOAc to give the title compound as a yellow solid (1.90g, 55%). TLC 
Rf 0.15 (75% EtOAc/Heptane). LCMS 234 [M+Hf , RT 1 .95 mins. ""H NMR 
300MHz (de-DMSO) 8.36 (IN, s), 7.94 (1H. s), 7.85 (1H, s, br), 7.30 (1H, s), 
7.05 (3H, s. br), 6.45 (1H, s), 3.91 (3H, s). 

20 Intermediate 3. 

ferf-Butvl-7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-vlV4'-oxo- 3\4'-dlhvdro- 
1H. 1 'W-spirorpiperldine-4.2'-aulnazoline1-1-carboxvlate 
To a stirred solution of Intermediate 1 (270mg), MgSO, (500g) and PTSA 
(I.Omg) In DCM (10 mO under nitrogen was added tert-butyl 4-oxo-1- 

25 piperdinecarboxylate (21 8mg). The reaction mixture was heated to eo'C for 1 2 
hours, allowed to cool and then filtered. The filtrate was concentrated /n vacuo 
and the residue dissplved in DCM (100ml) and washed with aqueous 1M 
aqueous HCI (30ml), aqueous Na^COa (30ml) and water (30ml). The organic 
layer was separated, dried over MgSO^, filtered and concentrated in vacuo. 

30 The residue was purified by recrystalisation from EtOAc, EtgO and heptane to 
yield the title comoound as a yellow solid (386mg, 90%). TLC Rt 0.65 (EtOAc). 
LCMS 429 [M+Hf. RT 3.20 mins. ^H NMR 300MHz (de-DMSO) 8.35 (IN, s), 
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. 8.00 (1H. s), 7.33 (2H, s), 7.18 (1H, s), 6.71 (1H, s), 3.93 (3H, s), 3.93-3.83 
(2H, m), 3.25-3.03 (2H. m). 2.95 (3H, s), 2.00-1.80 (4H,m) 1.42 (9H, s). 
Intermediate 4. 

(2-Oxo-lndan-5-vlVcarbamlc acid ferf-butvl ester 

5 5-Nltro-2-indanone (100mg), di-fert-butyldicarbonate (135mg), palladium on 
carbon (15mg), 3A powdered molecular sieves (30mg) and THF (10ml) were 
combined in a Parr vessel, whicli was purged with hydrogen gas at lOOpsi 
and heated to 50°C for 12.5 hours. The mixture was filtered through a pad of 
celite, washing through with THF. The solvent was removed in vacuo and the 

10 residue triturated with diethyl ether to yield the title compound as a mustard 
coloured solid (66mg, 48%).TLC Rf 0.59 (EtOAc/heptane). NMR 300MHz 
(de-DMSO) 9.12 (1H, s, br), 7.27 (1H, s), 7.06 (1H, d), 6.97 (1H, d), 3.3 (2H. 
s), 3.24 (2H,s), 1.27 (9H.S). 
Intermediate 5. 

15 7'-Methoxv-3'-methvf-6V1.3-oxa2ol-5-viVt'H-SDirorDvrrolidine-3.2'- 
autnazolin1-473'H^ne formate salt 

fe/t-Butyl-7'-methoxy-3'-methyl-6'-(1,3-oxazol-5-yl)-4'-oxo-3',4'-dlhydro- 
rH,rH-spiro[pyn'olidlne-3,2'-quinazollne]-1-carboxylate (536mg) and formic 
acid (3ml) were combined and stirred at room temperature overnight. The 
20 mixture was concentrated carefully in vacuo and the resulting residue washed 
sparingly with DCM to afford the title compound as a solid (490mg, 72%). 
LCMS 31 5 [M+Hf, RT 1 .32 mins. 
Intermediate 6. 

l\/lethvl 2-(2-irfben2vioxv^carbonvnamino^ethvlW-methoxv-3-methvl-6- 
25 M .3-oxazol-5-vlV4-oxo-1 .2.3.4-tetraiivdroauinazoline-2-carboxvlate 

To a solution of Intermediate 1 (128mg) in Isopropyl acetate (50ml) were 
added methyl 4-{[(benzyloxy)carbonyl]amino}-2-oxobutanoate (CAS 81323- 
56-0). (137mg) and PTSA (catalytic). The solution was stirred overnight at 
95°C. The reaction mixture was evaporated directly onto silica and purified by 
30 column chromatography eluting with EtOAc to give the title compound as a 
tan solid (158mg, 61%). TLC Rf 0.23 (100% EtOAc). LCMS 495 [M+H]*, RT 
3.16 mins. ""H NMR 300MHz (d4-MeOD) 8.20 (1H, s), 8.10 (1H, s), 7.35-7.20 
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(6H, m), 6.40 (1H, s), 5.10 (2H, s), 4.10 (1H, s), 3.95 (3H, s), 3.65 (3H. s). 
3.55-3.25 (2H, m), 3.15 (3H, s). 2.45-2.25 (2H, m). 
Intermediate 7. 

feo-ProDVl-(4ffl-4-hvdroxv-D-Drollnate hydrochloride 

5 To a suspension oi c/s-4-hydroxy-D-proHne- (1 .Og) in dry iso-propanol (25ml) 
under nitrogen cooled to 0°C was added dropwise thionyl chloride (O.Sml). 
The reaction mixture was heated at 100*C for 6 hours. The mixture was 
concentrated in vacuo to afford the title compound as a white solid (1.6g, 
quantitative). NMR 400MHz (d4-MeOH) 5.17-5.08 (1H, hep), 4.52-4.47 

10 (2H, m), 3.40-3.32 (2H, m). 2.48-2.41 (1H, m). 2.36-2.32 (1H, m), 1.33^1.30 
(6H.d). 

Intermediate 8. 

1 -teft-Butvl 2-isoDroDvl-f 2fl.4ffl-4-hvdroxv-Pvrrolidine-1 ■2-dlcarboxvlate 
To a solution of Intermediate 7 (0.8g) in dioxane / HgO (10ml / 10ml) cooled to 

15 O^C was added di-ferf-butyl dicariaonate (0.91 g) followed by TEA (1.2ml) 
dropwise. The reaction mixture was allowed to wamri to room temperature and 
stirred ovemight. The dioxane was removed in vacuo and the residue diluted 
with DCM / H2O (150ml / 50ml). The organic layer was separated, dried over 
MgS04, filtered and concentrated in vacuo to afford the title compound as a 

20 colourless oil (1.1g, quantitative). NMR 400MHz (CDCI3) 5.11-5.04 (1H, 
hep), 4.36-4.23 (2H, m), 3.73-3.48 (2H, m), 3.36-3.33 (1H, d), 2.38-2.26 (1H, 
m). 2.09-2.02 (1H, m), 1.46 and 1.43 (9H, 2xs), 1.32-1.24 (6H, m). 
intermediate 9. 

1-teit-Butvl 2-isoDropvl-f2ffl-4-oxopvrrolidine-1 .a-dicarb oxvlate 
25 To a solution of oxalyl chloride (0.53ml) in dry DCM (15ml) cooled to -78°C 
was added dropwise dry DMSO (0.43ml). After stining at -78*'C for 15 mins, a 
solution of Intemnedlate 8 (1 .1g) in dry DCM (15ml) was added slowly and the 
mixture stirred at -78°C for another 40 mins. Dropwise addition of TEA. (2.8ml) 
then took place and the reaction mixture was allowed to warm to O^C and 
30 stirred for 60 mins. The reaction mixture was diluted with H2O (20ml) and 
extracted with DCM (lOOmI). The organic layer was separated, dried over 
l\/lgS04, filtered and concentrated in vacuo. Purification of the residue by 
column chromatography on silica eluting with 20% EtOA<VHeptane afforded 
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the title compound as a yellow oil (0.58, 53%). TLC Rf 0.76 (50% 
EtOAc/Hexane). ''H NMR 400MHz (CDCI3) 5.10-54.98 (1H, hep), 4.77-4.62 
(1H, m), 3.93-3.83 (2H, m). 3.00-2.84 (1H, m), 2.57-2.50 (1H, dd), 1.46 (9H, 
s), 1.27-1 .24 (6H,d). 

5 

Example 1. 

7'-l\/lethoxv-3'-methvl-6'-n .3-oxazol-5-vn- 1 'H-spirorcvclohexane.2'- 
auinazolln1-4'f3'H)-one 

To a stirred solution of 2-amino-4-methoxy-A/-methyl-5-oxazol-5-yl-benzamide 
10 (150mg), MgS04 (500mg) and PTSA (I.Omg) in DCIVI (10ml) under nitrogen 
was added cyclohexanone (60mg). The reaction mixture was heated to 60°C 
for 12 hours, allowed to cool and then filtered. The filtrate was concentrated in 
vacuo and the residue taken up in DCM (100ml) and washed with aqueous 
1M HCI (30ml), aqueous HafiO^ (30ml), water (30ml). The organic layer was 
15 separated, dried over MgSO^, filtered and concentrated in vacuo. The residue 
was purified by trituration with EtOAc to afford the title compound as a pale 
yellow solid (12bmg, 60%). TLC Rf 0.48 (EtOAc). LCMS 328 [M+Hf, RT 
2.95 mins. NMR 300MHz (d4-MeOH) 8.19 (1H, s), 8.15 (1H, s), 7.35 (1H. 
s), 6.67 (1H, s), 4.03 (3H, s), 3.08 (3H, s), 2.10-2.00 (2H, m), 1.95-1.82 (2H, 
20 m), 1 .80-1 .60 (5H, m), 1 .60-1 .41 (1 H, m). 

Examples 2-6 were prepared in a similar manner to the method of Example 
1:- 

Example 2. 

25 7'-Methoxv-3'-methvl-6'-f 1 .3-oxazol-5-vh- 1 'W-spIrorcvclopentane.2'- 
auinazolinT-4'(3'H>-one 

From Intemnedlate 1 (70mg) and cyclopentanone (24mg). The residue was 
purified by preparative HPLC (Method A) to yield the title comoound as a pale 
yellow solid (13mg. 15%). TLC Rf 0.36 (EtOAc). LCMS 314 [M+H]*, RT 2.68 
30 mins. NMR 300MHz (de-DMSO) 8.34 (1H, s), 7.97 (1H, s), 7.32 (1H, s), 
7.24 (1H, s), 6.47 (1H, s), 3.95 (3H, s), 2.92 (3H, s), 2.12-1.99 (2H, m), 1.85- 
1 .61 (6H, m). 
Example 3. 
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7'-M6thoxv-3'-methvl-6'-ri .3-oxazol-5-vn-2.3.5. 6-tetrahvdro- 1 'H- 
sDirorDvran-4.2'-auinazorm1-4'r3'H>-one 

From Intermediate 1 (100mg) and tetrahydro-2H-pyran-4-one (80mg). The 
residue was purified by column chromatography on silica eluting with 0-5% 
5 MeOH/DCIVI to yield the title compound as a cream solid (68mg, 51%). TLC 
Rf 0.48 (10%MeOH/DCM). LCMS 330 [M+Hf, RT 2.30 mins. NMR 
300MHz (ds-DMSO) 8.31 (1H, s), 7.96 (1H, s), 7.30 (2H, s). 6.69 (1H, s), 3.95 
(3H, s). 3.85-3.68 (4H, m), 2.98 (3H, s), 2.18-2.02 (2H,m). 1.83-1.72 (2H. m). 
Example 4. 

10 7'-Methoxv-3'-methvl-4-methvl-6'-f 1 .S-oxazol-S-vn - 1 'H-spirorpiperidine- 
4.2'-aulnazoHn1-4'(3'HR)ne 

From Intermediate 1 (lOOmg) and /S/-methyl-4-piperidone (0.056ml). The 
residue was purified by trituration with EtgO to yield the title compound as a 
cream solid {60mg. 43%). TLC Rf .6.21 (10%IVIeOI-l/DCM). LCMS 343 
15 [M+Hf. RT 1.42 mIns. NMR 300MHz (d4-MeOH) 8.22 (1H, s), 8.20 (1H, 
s), 7.36 (1H, s), 6.65 (1H, s), 4.02 (3H, s), 3.20 (3H. s), 3.92-3.80 (2H. m). 
2,54-2.35 (2H, m), 2.36 (3H, s), 2.27-2.14 (2H,m), 2.10-1.96 (2H, m). 
Example 5. 

3-Benzvl-7'-methoxv-3'-methvl-4-methvl-6'-n .a-oxazol-S -vlVt 'H- 
20 splrorpvrrolidlne-3.2'-auinazolln1-4'r3'H^-one 

From Intermediate 1 (406mg) and 1 -benzyl-3-pyrrolidlnone (288mg). The 
residue was purified by column chromatography on silica eluting with 5-10% 
MeOH/DCM to yield the title compound as a black solid (150mg, 23%). TLC 
Rf 0.6 (10%MeOH/DCM). LCMS 405.2 [M+Hf, RT 1.73 mins. NMR 
25 300MHz (d4-MeOH) 8.23 (1H. s). 8.15 (1H, s). 7.48-7.30 (6H, m), 6.46 (1H, s), 
4.02 (3H, s), 3.95-3.74 {2H, bdd), 3.27-3.16 (1H, m), 3.20 (3H, s), 3.08-2.82 
(3H,m), 2.64-2.46 (1 H, m), 2.32-2.1 8 (1 H, m). 
Example 6. 

7'-Methoxv-3'-methvl-6'-(1 .3-oxazoi-5-vn-1 .3-dlhvdro- 1 'W-spirorindene- 
30 2.2'-aulnazoHn1-4'f3'^A-one 

From Intennediate 1 (50mg) and 2-indanone (27mg). The residue was purified 
by trituration with EtOAaEtjO (5:1) to yield the title compound as a pale yellow 
solid (28mg, 38%). TLC Rf 0.7 (10%MeOH/DCM). LCMS 362 [M+Hf, RT 
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3.31 mins. NMR 300MHz (d^MeOH) 8.24 (2H, s), 7.37 (1H, s), 7.33-7.22 
(5H, m). 6.40 (1H, s). 3.98 (3H, s), 3.72 (2H, d), 3.34 (2H, d), 3.13 (3H, s). 
Example 7. 

7'-Methoxv-3'-methvl-6'-M.3-oxazol-5-vh-4.5-di hvdro-f'H-spirorfuran- 

5 3.2'-auina2olin1-4'(3^Af)-one 

To a stirred solution of Intermediate 1 (50mg), MgS04 (0.5g) and PTSA 
(I.Omg) in DCE (10ml) under nitrogen was added diliydrofuran-3-pne (CAS 
22929-52-8) (BOmg). The reaction mixture was heated to 91 °C for 8 hours and 
allowed to cool. The reaction mixture was taken up in EtOAc (100ml) and 

10 washed with aqueous NaHCOa (20mi). The organic layer was separated, dried 
over MqSOa, filtered and concentrated In vacuo. The residue was taken up in 
DCM (5ml), filtered and the filtrate concentrated in vacuo and purified by 
trituration with MeOHiEt^O (1 :20) to afford the title compound as a solid (8mg, 
13%). TLC Rf 0.45 (EtOAc). LCMS 316 [M+H]*, RT 2.26 mins. NMR 

15 300MHz (d^-MeOH) 8.25 (1 H, s), 8.20 (1 H, s), 7.40 (1 H,s), 6,50 (1 H.s), 4.17 
(1H,d), 4.13-3.95 (2H,m), 4.03 (3H,s). 3.73 (1H,d), 3.15 (3H,s), 2.65-2.55 
(1H,m), 2.35-2.22 (1H,m). 
Example 8. 

te/t-Butvl-r-methoxv-3'-methvl-6'-(1.3-oxazol-5-vl)-4'- oxo-3'.4'-dihvdro- 
20 7H.y'H-spirorpvrrolidine-3.2'-aulnazollneM-ca rboxvlate 

To a stirred solution of Intemiediate 1 (800mg) in DCE (20 ml) under nitrogen 
was added 1-A/-Boc-3-pyrroridinone (600mg). The reaction mixture was 
heated to 91 °C for 14 hours and allowied to cool. The reaction mixture was 
taken up in EtOAc (100ml) and washed with aqueous NaeCOa (40ml) and 
25 aqueous 1 M HCl (40ml). The organic layer was separated, dried over MgS04, 
filtered and concentrated in vacuo to yield the title compound as a brown solid 
(1 .15 g, 86%). TLC Rf 0.48 (EtOAc). LCMS 415 [M+Hf, RT 3.05 mins. ^H 
NMR 300MHz (d4-MeOH) 8.19 (1H, s), 8.18 (1H, s), 7.37 (1H,S). 6.50 (IH.s), 
4.00 (3H,s), 3.72-3.58 (4H,m), 3.12 (3H,s), 2.75-2.55 (1H,m). 2.32-2.12 
30 (1 H,m), 1 .52 and 1 .47 (9H, 2xd). 
Example 8a. 

Enantiomer 1 of te/t-Butvl-7'-methoxv-3'-methvl-6'-f1.3-ox a2ol-5-vn-4'- 
oxo-3'.4'-dlhvdro- 1H. 1 'H-spirorpvrrolidine-3.2'-auinazoline1-1 - 
carboxvlate 
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Example 8 (80mg) was separated into its component enantiomers on a cliiral 
pak column eluting with 3:1 A:B (A = EtOH + 10.1% DEA) (B=Heptane). This 
gave enantiomer 1 as a solid (32 mg. 80%). Cliiral LC RT 5.89 mins. LCMS 
415 [M+Hf, RT 3.05 mins. 
S Example 8b. 

Enantiomer 2 of terf-Butvl-7'-methoxv-3'-methvl-6'-M.3oxazol-5-vn-4'- 

oxo-3'.4'-dihvdro-tH.7'H-spirorpvrrolldlne-3.2'-auinazollne1-1- 

carboxvlate 

Example 8 (80mg) was separated into its component enantiomers on a cliiral 
10 pal< column eluting with 3:1 A:B (A = EtOH + 10.1% DEA) (B=Heptane). This 
gave enantiomer 2 as a solid (34 mg, 85%). Chiral LC RT 7.14 mins. LCMS 
415[M+Hr, RT3.05mins. 
Example 9. 

tert^Butvl 7'-methoxv-6'-M .3-oxazol-5-vn-4'-oxo-3'.4'-dlhvdro- 1H. 1 'H- 
15 spirorpvrroHdlne-3.2'-aulnazollne1-1-carboxvlate 

To a stirred solution of Intermediate 2 (360mg) in DCE (20 ml) under nitrogen 
was added 1-A/^Boc-3-pyrrolldlnone (286mg). The reaction mixture was 
heated to 80°C for 3.5 hours and allowed to cool. The reaction mixture was 
taken up in EtOAc (100ml) and washed with aqueous NasCOa (30ml) and 

20 aqueous 1 1VI HCI (30ml). The organic layer was separated, dried over MgS04, 
filtered and concentrated in vacuo to yield the title compound (579mg, 94%). 
TLC Rf 0.22 (5%MeOH/DCM). LCMS 401 [M+Hf, RT 3.25 mins. ''H NMR 
300MHz (d4-MeOH) 8.20 (1H, s), 8.18 (1H, s), 7.37 (1H, s), 6.48 (1H, s) 4.00 
(3H, s), 3.58 (2H, m), 3.55 (2H, m), 2.25 (2H, m), 1 .50 (9H, 2xs). 

25 Example 10. 

teit-Butvf f7'-methoxv-3'-methvl-6'-(1 .3-oxa2tol-5-vl>-4'-oxo-1 .3.3'.4'- 
tetrahvdro- 1 W^p|rprindene-2.2'-autnazolln1-5-vncarbamate 
To a stin-ed solution of Intermediate 1 (23mg) in DCE (4 ml) under nitrogen 
was added Intermediate 4 (66mg). The reaction mixture was heated at reflux 

30 for 18 hours and allowed to cool. The solvent was removed in vacuo and the 
residue purified by column chromatography on slllcia eluting with 70% 
EtOAc/heptane. The product was further purified by trituration with 
DCM/pentane to yield the title compound as a sandy coloured solid (14mg, 
33%). TLC Rf 0.59 (EtOAc). LCMS 477 [M+Hf, RT 3.60 mins. ^H NMR 

53 



wo 2004/022554 



PCT/GB2003/003878 



300MHz (de-DMSO) 9.30 (1H, s, br), 8.34 (1H, s), 8.00 (1H, s), 7.5 (1H, s), 7.4 
(1H,s), 7.3 (1H. s), 7.2 (1H, d). 7.1 (1H, d), 6.4 (1H, s), 3.85 (3H. s), 3.5 (2H. 
m), 3.1 (2H, m), 2.85 (3H, s), 1 .45 (9H, s). 
Example 11. 

5 7'-Methoxv-3'-methvl-6'-f 1 .3-oxa2ol-5-vlV-2.3-dihvdro- 1 ^ff-spirorindene- 
1 .2'-auinazoHm-4'(3^ffl-one 

To a stirred solution of Intermediate 1 (50mg) and PTSA (I.Omg) in DMF (2 
ml), was added 1-indanone (SOmg). The reaction mixture was heated to 
170°C for 30 mins in a microwave reactor and allowed to cool. The reaction 

10 mixture was concentrated in vacuo and the residue purified by preparative 
HPLC (Method A) to afford the title compound as a solid (27.8mg, 38%), 
HPLC: RT 3.20 mins. LCMS: 362 [M+Hf, RT 3.25 mins. NMR 300MH2 
(d4-MeOH) 8.23 (1H, s), 8.08 (1H, s), 7.50-7.45 (1H,d), 7.35-7.25 (4H,m), 
6.33 (1 H,s), 3.95 (3H, s), 3.09-3.02 (2H,m), 2.76 (3H,s), 2.00-2.45 (2H,m). 

15 Example 12. 

7'-Methoxv-3'-methvl-5-nltro-6'-n .a-oxazoi-S-vh-l .S-dihvdro- 1 'H- 
splrorindene-2.2'-aulna2olln1-4'f3'W>-one 

To a stirred solution of Intemiediate 1 (200mg) and PTSA (I.Omg) in DMF (5 
ml) was added 5-nltro-2-indanone (430mg). The reaction mixture was heated 

20 to 110^0 for 30 mins in a microwave reactor and allowed to cool. The solvent 
was removed in vacuo and the residue purified by column chromatography on 
silica eluting with 70% EtOAc/heptane followed by 5% MeOH/DCM to afford 
the title compound as a brown solid (252mg, 77%). TLC Rf 0.68 (EtOAc). 
LCMS 407 [M+Hf, RT 3.15 mins. NMR 300MHz (de-DMSO) 8.55 (1H, s), 

25 8.17 (1H. s), 8.15 (1H, dd), 8.05 (1H, s), 7.65 (1H, s), 7.55 (1H,d), 7.35 (1H, 
s), 6.37 (1H,s), 3.9 (3H, s), 3.8 (1H, d), 3.7 (IH.d), 3.35 (IH.d). 3.27 (1H,d), 
2.95 (3H,s). 
Example 13. 

5- Amino-7'-methQXV-3'-methvl-6V1 .3-oxa2ol-5-vn-1 .S-dlhvdro- 1 'H- 
30 splrorindene-2.2'-auinazolin1-4Y3'H>-one 

Example 12 (246mg) and palladium on carbon were combined in EtOH (15ml) 
and stirred under hydrogen gas for 48 hours. The reaction mixture was 
filtered through a pad of celite and the filtrate concentrated in vacuo. The 
resulting residue was dissolved in DCM (30ml) and washed with aqueous 1M 
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HCI (2x1 5ml). The aqueous layers were collected and extracted with DCM 
(3x30ml). The combined organic layers were dried over MgS04, filtered and 
the solvent removed in vacuo. The resulting residue was purified by column 
chromatography on silica eluting with 50-100% EtOAc/heptane to yield the 
5 title compound as a yellow solid (12.9 mg, 56%). TLC Rf 0.42 (EtOAc). 
LCMS: 377 [M+Hf, RT 1.78 mins. NMR 300MHz (d^MeOH) 8.23 (iH, s), 
8.23 (IH, s), 7.37 (IH, s), 7.00 (IH, d), 6.70 (1H, s), 6.65 (IH. d), 6.43, 4.00 
(3H, s), 3.57 (2H, m), 3.23 (2H, m), 3.05 (3H, s). 

10 Examples 14-15 were prepared in a similar manner to the method of example 
12:- 

Example 14. 

7'-Methoxv-3'-methvl-6'-(1 .3-oxazol-5-viM.6-dihvdro- 1 'H- 
spirorcvclopentarbTthioDhen-5.2'-aulnazoiln1-4'(3'W-one 

15 From Intemnediate 1 (lOOmg) and 4,6-dlhydrocyclopenta[d]thlophen-5-one 
(CAS 33449-51-3) (270mg). The residue was purified by column 
chromatography on silica eluting with 75% EtOAc/heptane followed by 
trituration with DCM/EtaO to yield the title compound as an off-white solid 
(34mg, 23%).Rf 0.62 (EtOAc). LCMS 368 [M+HT, RT 3.14 mins. ^H NMR 

20 300MHz (de-DMSO) 8.35 (IH, s), 8.0 (IH, s), 7.8 (IH.s), 7.48 (IH, d), 7.32 
(IH, s), 6.95 (IH, d), 6.4 (IH, s). 3.9 (3H, s), 3.5 (2H, m). 3.1 (2H,m), 2.9 (3H, 
s). 

Example 15. 

7-Methoxv-3-methvl-6-(1 .3-oxazol-5-vn-4'.5'-dihvdro- 1 'H- 

25 SDirorauinazoline-2.3'-thiophenT-4^3'H>-one 

From Intermediate 1 (200mg) and tetrahydrothlophen-3-one (0.37ml). The 
residue was purified by column chromatography on sHIca eluting with 75- 
100% EtOAc/heptane followed by trituration with DCM/EtgO to yield the trtte 
compound as an off-white solid (200mg, 78%). TLC Rf 0.38 (EtOAc). LCMS 

30 332 [M+H]+, RT 2.74 mins. ""H NMR 300MHz (de-DMSO) 8.35 (IH, s), 8.0 
(1 H, s). 7.38 (IH, s). 7.29 (IH, s), 6.62 (IH, s), 3.95 (3H, s), 3.15 (iH, d), 3.1 
(1 H,m), 3.05 (3H, s), 2.95 (1 H, m). 2.85 (1 H, d), 2.45 (1 H, m). 2.2 (1 H, m). 
Example 16. 
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r3ffl-7'-Methoxv-3.3 -dlmethvl-6'-n .3-oxazol-5-vn- 1 'tf-spirorcvclopentane- 
1 .2'-auina2olIn1-4Y3W)-one 

To a stirred solution of Intermediate 1 (100mg) and PTSA (1.0mg) in DMF 
(3ml) was added (f?)-(+)-3-methyl cyclopentanone (0.1ml). The reaction 

5 mixture was heated to 150°C for 30 mins in a microwave reactor and allowed 
to cool. The solvent was removed in vacuo and the residue purified by 
preparative HPLC (Method A) to afford the title compound as a beige solid 
(13mg, 10%). LCMS 328 [M+Hf, RT 3.10 mins. ""H NMR 300MHz (de- 
DMSO) 8.3 (1H. s). 7.9 (1H, s), 7.3 (1H, s), 7.25 (1H, s), 6.4 (1H, s), 3.9 (3H, 

10 s), 2.9 (3H, s), 2.4-2.25 (1H, m), 2.2-1.7 (4H, m), 1.5-1.2 (2H, m), 1.0 (3H, m). 
Example 17. 

Ethvl 7'-methoxv-3'-methvi-6'-n .3-oxazGl-5-vn-4'-oxo-3'.4'-dihvdro- 1 'H- 
splrorcvclopentane-1.2'-aulnazollne1-3-carboxvlate 

Intemrjediate 1 (123mg), acetic acid (10ml) and ethyl 3-oxocyclopentane-1- 
15 carboxylate (135mg) were combined and heated to 70°C under a slight 
vacuum for 2 hours. After cooling to room temperature the solvent was 
removed in vacuo and the residue purified by column chromatography on 
silica to afford the title compound as an off-white solid (154mg, 81%). TLC Rf 
0.525 (20% EtOH / EtOAc). LCMS 386 [M+Hf, RT 2.95 mins. ''H NMR 
20 300MHz (de-DMSO) 8.35 (1H. s), 7.95 (1H, 2 x s), 7.35 (2H, s), 6.45 (1H, d), 
4.1 (2H, m), 3.9 (3H, 2 x s). 3.1-2.9 (4H, m), 2.4-1.8 (4H. m), 1.4-1.1 (5H, m). 
Example 18. 

7'-Methoxv-3'-methvl-6'-f1.3-oxa2ol-5-vn-4'-oxo-3'.4'-dlhvdro-rW- 
splrorcvclopentane-1 .2'-auinazoHne1-3-carboxvlic acid 

25 Example 17 (145mg), LiOH.HgO (24mg), THF (5ml) and H2O (1ml) were 
combined and stirred at room temperature for 18 hours. The solvents werfe 
removed in vacuo and the residue partitioned between 1M HCI (20ml) and 
EtOAc (20ml). The EtOAc layer was dried over MgS04, filtered and 
concentrated in vacuo to afford the title compound as a yellow solid (112mg, 

30 84%). LCMS 358 [M+H]*, RT 2.24 mins. NMR 300MHz (de-DMSO) 12.3 
(1H, br s). 8.3 (1H, s), 7.95 (1H, 2 x s), 7.3 (2H, m), 6.4 (1H, d). 3.9 (3H, 2 x 
s). 3.0-2.8 (4H, m), 2.35-1.75 (6H, m). 
Example 19. 
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7-Methoxv-3-methvl-6-n .3-oxazol-5-vn-4'.5'-dihvdro- 1 'H- 
splrorauina2o[ine-2.3'-thioDhen1-4f3^H^one-1 M '-dioxide 

To a solution of Example 15 in methanol (10ml) was added a solution of 
oxone® In H2O (5ml) and the reaction mixture stirred at room temperature for 

5 18 hours. The solvent was removed in vacuo. The residue was purified by 
triturating with H2O and washing with EtaO followed by further trituration with 
MeOH/DCIVI to yield the title compound as an off-white solid (26mg, 24%). 
LCMS 364 [M+Hr, RT 2.22 mins. NMR 300MHz (de-DMSO) 8.3 (1H, s), 
8.0 (1H, s), 7.8 (1H, s), 7.35 (1H, s), 6.47 (1H, s), 3.92 (3H. s), 3,4 (4H, m), 

10 3.0 (3H, s), 2.75 (1 H, m), 2.55 (1 H, m). 
Example 20. 

7'-Methoxv-3'-methvl-6'-f 1 .3-oxazol-5-vlV 1 'H -spirorp|perldlne^.2'- 
auinazolln1-4'f3'fft-one 

Formic acid (3ml) and Intermediate 3 (0.25g) were stinted at room 
15 temperature for 2 hours. The reaction mixture was concentrated in vacuo and 
taken up In aqueous 1M HCI (25ml) and washed with Et20 (50ml). The 
aqueous solution was basified with aqueous 1M NaOH and extracted with 
EtOAc (50ml). The organic layer was separated, dried over MgS04, filtered 
and concentrated in vacuo to yield the title compound as a white solid 
20 (130mg, 68%). LCMS 329 [M+Hr, RT 1.35 mins. NMR 300MHz (de- 
DMSO) 8.32 (1H, s), 7.96 (1H, s). 7.30 (1H, s). 7.11 (1H, s), 7.74 (1H, s), 3.90 
(3H, s). 2.95 (3H, s), 2.86-2.77 (4H, m), 1 .93-1 .68 (4H, m). 
Example 21. 

7'-Methoxv-^'-methvl-6'-f1.3-oxa2ol-5-vlVt'W-spiro rpvrrolldlne-3.2'- 
25 auinazoHnV4V3'HWone dlhvdrochlorlde salt 

Example 8 (0.20g), DCM (10ml) and HCI (2M In EtzO, 30ml) were stirred at 
room temperature for 1 hour. The reaction mixture was filtered and the solid 
dried in vacuo to yield the title compound as a solid (206mg, quantitative). 
TLC Rf 0.13 (10% MeOH/DCM). LCMS 315 [M+Hf, RT 1.33 mins. ^H NMR 
30 300MHz (d4-MeOH) 8.36 (1 H, s), 8.25 (1 H, s), 7.47 (1 H, s), 6.61 (1 H, s), 4.06 
(3H, s), 3.77-3.65 (2H, m), 3.57 (2H, 2xd), 3.17 (3H, s), 2.90-2.70 (1H,m), 
2.52-2.40 (1H, m). 
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Examples 21a - 22 were prepared in a similar manner to the method of 
Example 21 :- 
Example 21a. 

7'-methoxv-3'-methvl-6'-n .3-oxa2ol-5-vn- 1 'W-spirorDvrroHdlne-3.2'- 
5 au[nazolin>4Y3W>-one hydrochloride 

From enantlomer 1 of Example 8 (60mg) and HCI (2M In Et20, 20ml) to yield 
the title compound as a solid (50mg, 86%). TLC Rf 0.10 (10% MeOH/DCM). 
LCMS 315 [M+Hf, RT 1 .48 mins. 
Example 22. 

10 7'-methoxv-6'-f 1 .3-oxazol-5-vn- 1 'H-spirorpvrrolidlne-3.2'-auinazolin1- 
4Y3W)^ne hydrochloride 

From Example 9 (519mg) and HCI (2M in EtaO, 20ml) to yield the titte 
compound as a solid (494 mg, quantitative yield). TLC Rf 0.072 (10% 
MeOH/DCM). LCMS 301 [M+Hf, RT 1.36 mins. ^H NMR 300MHz (d4- 
15 MeOH) 8.48 (1 H, s), 8.25 (1 H, s), 7.52 (1 H, s), 6.57 (1 H, s), 4.06, (3H.s), 3.68 
(2H, m), 3.55 (2H,m), 2.48 (2H. t). 
Example 23. 

(3S^-Tetrahvdrofuran-3-vl-7'-methoxy-3'-methvl-6V1.3-oxazol-5-vl>-4'- 
oxo-3'.4'-dihvdro-yH.t'H-splrorpiperidine-4.2'-auinazoline1-1-Garboxvlate 

20 A solution of Example 20 (50mg), (3S)-tetrahydrofuranylsuccinimidyl- 
carbonate (CAS 138499-08-8) (35mg) and TEA (0.021ml) in DCM (5ml) and 
DMF (5ml) were stirred at room temperature under nitrogen for 2 hours. The 
solvent was removed in vacuo and the reaction mixture was taken up in DCM 
(100ml) and washed with 1M HCI (40ml). The organic layer was separated, 

25 dried over MgS04, filtered and concentrated in vacuo The residue was 
purified by column chromatography on silica eluting with 0-5% MeOH/DCM to 
yield the title compound as a cream solid (36mg, 54%). TLC Rf 0.43 (10% 
MeOH/DCM). LCMS 443 [M+Hf, RT 2.48 mins. ^H NMR 300MHz (d4- 
MeOH) 8.23 (1H, s), 8.22 (1H. s), 7.39 (1H. s). 6.66 (IN, s), 5.31-5.24 (1H. 

30 m), 4.24-4.12 (2H, m), 4.04 (3H, s), 4,01-3.84 (4H, m), 3.34-3.12 (2H, m). 
3.14 (3H, s), 2.32-2.11 (6H.m). 

Example 24 was prepared in a similar manner to the method of Example 23:- 

58 



wo 2004/022554 



PCT/GB2003/003878 



Example 24. 

f3S^-Tetrahvdrofuran-3-vl 7'-methoxv-3'-m ethvl-6'-f1.3-oxazol-5-vl)-4'- 
QXQ-3'.4'-dihvdro- 1H. 1 'H-sDirorDvrrondine-3.2'-auin azoline1-1 - 
carboxvlate 

5 From Example 21 (50mg), (3S)-tetrahydrofuranylsuccinimldyl-carbonate (CAS 
138499-08-8) (33mg) and TEA (0.1ml) in DCM (5ml) and DMF (ldml). 
Purification by column chromatography on silica eluting with 5-10% 
MeOH/DCM afforded the title compound as a beige solid (17mg, 28%). LCMS 
429 [M+Hf, RT 2.39 mins. NMR 400MHz (de-DMSO) 8.33 (1H, s), 8.00 

10 (IH.s), 7.53 (1H, d). 7.32 (1H, s), 6.5 (1H, s). 5.12 (1H, m), 3.92 (3H, s). 3.8- 
3.42 (8H, m). 3.00 (3H, s), 2.09 (3H. m), 1 .9 (1 H, m). 
Example 25. 

1 -Benzovl-7'-methoxv-3'-methvl-6'-M .S-ox azoUS-vn- 1 'H- 
spirorpvrrolidine-3.2'-aulnazolin1-4Y3'H)-one 

15 To a stirred solution of benzoic acid (17.4mg), HBTU (54mg) and DIPEA 
(0.076ml) in DMF (10ml) was added, after 5 mins, Example 21 (50mg). The 
mixture was stirred under nitrogen for 2 hours. The reaction mixture was 
concentrated in vacuo and the residue was dissolved in EtOAc (100ml) and 
washed with aqueous NasCOa (30ml) and aqueous 1M HCI (30ml). The 

20 organic layer was separated, dried over MgS04, filtered and concentrated in 
vacuo. The residue was purified by column chromatography on silica eluting 
with 5-10% MeOH/DCM gradient to yield the title compound as a solid (32mg, 
53%). TLC Rf 0.13 (EtOAc). LCMS 419 [M+Hf, RT 2.57 mins. ''H NMR 
300MH2 (d4Jy/leOH) 8.27 and 8.26 (1H,2xs), 8.23 and 8.16 (1H, 2xs). 7.67- 

25 7.45 (5H, s), 7.43 and 7.40 (1 H, 2xs), 8.59 and 6.53 (1 H, 2xs), 4.05 and 4.00 
(3H. 2X8). 4.05-3.67 (3H, m), 3.62 (IH.d). 3.25 and 3.21 (3H, 2xs), 2.95-2.65 
(1H, m), 2.40-2.25 (1H,m). 

Examples 26 - 42 were prepared in a similar manner to the method of 
30 Example 25:- 
Example 26. 

1 -(3-Furovn-7'-methoxv-3'-methvl-6'-(1 .3-oxazol-5-vn-7 'H- 
sDtrorpvrrolldlne-3.2'-auinazonm-4Y3H')-one 
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From Example 21 (50mg) and 3-furoic acid (16mg) The residue was purified 
by trituration with MeOH.EtOAciEt^O (1:3:10) to yield the title eompound as a 
solid (24mg, 45%). TLC R| 0.49 (10% MeOH/DCM). LCMS 409 [IVI+H]^ RT 
2.39 mins. NMR 300MHz (d4-MeOH) 8.26 (1H, s), 8.25 (1H, s), 8.17 and 
5 8.07 (1 H, 2xs), 7.67 and 7.60 (1 H, 2xs), 7.40 (1 H, d), 6.89 and 6.79 (1 H, 2xs), 
6.53 (1H, d), 4.13-3.89 (7H, m), 3.23 (3H, s), 2.87-2.73 (1H, m), 2.45-2.38 
(1H,m). 
Example 27. 

7'-Methoxv-3'-methvl-6'-(1 .3-oxazol-5-vn-1 -rphenvlac etvn- 1 'H- 
10 spirorpvrrolidine-3.2'-auinazonn1-4Y3'H)-one 

From Example 21 (50mg) and phenyl acetic acid (19mg) The residue was 
purified by trituration with MeOH:EtOAc:Et20 to yield the title compound as a 
solid (8mg, 13%). TLC Rf 0.46 (5% MeOH/DCM). LCMS 433 [M+Hr, RT 
2.65 mins. ^H NMR 300MHz (d4-MeOH) 8.36 and 8.32 (s), (1H, 2xs), 8.35 
15 and 8.34 (1 H, 2xs), 7.56-7.27 (6H, m), 6.62 and 6.43 (1 H, 2xs), 4.1 5 and 4.1 2 
(3H, 2xs), 4.03-3.76 (6H, m), 3.24 (3H, s), 2.92-2.79 (IH. m), 2.50-2.30 (1H, 
m). 

Example 28. 

7'-methoxv-3'-methvl-6V1 .3-oxazol-5-vn-1-ftetrahvd ro-2H-pvran-4- 
20 vlcarbonvn-r'H-spirorpvrrondine-3.2'-aulnazplin1-4Y3'H>one 

From Example 21 {50mg) and tetrahydropyran-4-carboxylic acid (19mg). The 
residue was purified by column chromatography on silica eluting with 4-7% 
MeOH/DCM to yield the title compound as a solid (35mg, 57%). TLC Rf 0.46 
(10% MeOH/DCM). LCMS 427 [M+Hf , RT 2.21 mins. ^H NMR 300MHz (d4- 
25 MeOH) 8.37-8.35 (2H, m). 7.52 (IN, s), 6.66 and 6.60 (IH. 2xs). 4.20-3.80 
(7H, m), 3.70-3.50 (4H, m). 3.29 and 3.25 (3H, 2xs), 2.92-2.76 (2H, m), 2.50- 
2.31 (1 H, m), 2.00-1 .73 (4H, m). 
Example 29. 

1 -lsonicotinovi-7'-methoxv-3'-methvl-6'-f 1 .3-oxazol-5-vlVt W- 
30 spirorpvrrolldlne'3.2'-auinazolin1-4Y3'H)-one 

From Example 21 (SOmg) and isonicotinic acid (18mg). The aqueous phases 
were re-extracted with DCM (3x50ml) after first basifying the acidic layer. The 
organic layers were combined, dried over MgS04, filtered and concentrated in 
vacuo. The residue was purified by column chromatography on silica eluting 
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with 6-10% MeOH/DCM to yield tlie title compound as a solid (35mg, 58%). 
TLC Rf 0.54 (10% MeOH/DCM). LCMS 420 [M+H]", RT 1.91 mins. ''H NMR 
■3OOMH2 {d4-MeOH) 8.89-8.86 and 8.78-8.76 (2H, 2xm), 8.39 and 8.37 (1H, 
2xs), 8.34 and 8.30 (1H, 2xs), 7.79-7.76 and 7,69-7.66 (2H, 2xm), 7.54 and 
5 7.51 (1H, 2xs), 6.67 and 6.65 (1H, 2xs), 4.17 and 4.14 (3H, 2xs), 4.17-3.66 
(4H, m), 3.36 and 3.32 (3H, 2xs), 3.00-2.78 (1H, m), 2.55-2.34 (1H, m). 
Example 30. 

1 -r3-Aminobenzovl)-7'-methoxv-3'-inethvl-6'-(1 .3-oxazol-5-vn- 1 'H- 

spirorpvrrolidine-3.2'-auina2olinMY3'H>-one 

10 From Example 21 (lOOmg) and 3-aminobenzoic acid (35mg). Note: no acidic 
wash. The residue was purified using an MPLC Retrieve eluting with 0-5% 
MeOH/DCM followed by dissolving in DCM (30ml) and washing with dilute 
citric acid (20ml). The organic layer was separated, dried over MgS04, filtered 
and concentrated in vacuo to yield the title compound as a solid (83mg, 72%). 

15 TLC Rf 0.66 (10% MeOH/DCM). LCMS 434 [M+H]*, RT 2.02 mins. ^H NMR 

300MHz (de-DMSO) 8.36 and 8.34 (1H, 2xs), 8.04 and 7.96 (1H, 2xs), 7.67 

and 7.53 (1H, 2xs), 7.36 and 7.33 (1H, 2xs), 7.13-7.06 and 7.03-6.98 (1H, 

2xtr), 6.76-6.54 (3H, m), 6.52 (1H, s), 5.36-5.14 (2H, s, br), 3.96 and 3.93 (3H, 

2x8), 3.90-3.38 (4H, m), 3.33 (3H, s), 2.72-2.55 (1H. m), 2.22-2.03 (1H, m). 

20 Example 31. 

7'-Methoxv-3'-methvl-1-(morpholin-4-vlacetvU-6'-n.3-oxaz ol-5-vn-rW- 

splrorpvrrolidine-3.2'-aulnazolln1-4Y3'H>one 

From Example 21 (50mg) and W-morpholino acetic acid (19mg). Note: no 
acidic wash. The residue was purified using an MPLC Retrieve eluting with 3- 

25 5% MeOH/DCM to yield the title compound as a solid (17mg, 30%). TLC Rf 
0.43 (10% MeOH/DCM). LCMS 442 [M+Hf, RT 1.47 mins. ^HNMR300MHz 
(de-DMSO) 8.34 (1H, s), 8.00 (1H, s), 7.49 and. 7.45 (1H, 2xs), 7.33 (1H, s), 
6.51 and 6.44 (1H, 2xs), 3.91 (3H, s), 3.87-2.92 (10H, m). 3.00 and 2.98 (3H, 
2xs), 2.61-2.24 (5H, m), 2.17-1.97 (1H, m). 

30 Example 32. 

ferf-Butvl f3-f r7*-methoxv-3'-methvl-6'-f1 .3-oxazol-5-vn-4'-oxo-3'.4'- 
dihvdro- 1H. 1 W-spirorpvrroUdlne-S.a -aulnazolin1-1 - 
vilcarbonvllbenzyncarbamate 
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From Example 21 (lOOmg) and Boc-(3-aminomethyl)-benzoic acid (65mg). 
The residue was purified using an MPLC Retrieve eluting witli 0-5% 
MeOH/DCM to yield the title compound as a solid (115mg, 81%). TLC Rf 
0.66 (10% MeOH/DCM). LCMS 548 [M+H]*, RT 2.92 mins. NMR 300MHz 
5 (de-DMSO) 8.34 and 8.30 (1 H, 2xs), 8.01 and 7.92 (1 H. 2xs), 7.66 and 7.52 
(1H, 2xs), 7.48-7.20 (6H, m), 4.20-3.43 (9H, m), 3.00 (3H, s), 2.73-2.50 (1H, 
m), 2.17-2.00 (IN, m) 1 .37 and 1.34 (9H, 2xs). 
Example 33. 

1 -(2-Furovl>-7'-methoxv-3'-methvl-6V1 .3-oxazol-5-vlVf W- 

10 spirorpvrrotidine-3.2'-auinazolln1-4Y3W-one 

From Example 21 (50mg) and 2-furoic acid (15mg). The residue was purified 
using an MPLC Retrieve eluting with 5% MeOH/DCM to yield the tme 
compound as a solid (23mg, 43%). TLC Rf 0.51 (10% MeOH/DCM). LCMS 
409 [M+nr, RT 2.37 mins. ^H NMR 300MHz (de-DMSO) 8.33 (1H, s), 8.01 

15 (1H, s), 7.97 and 7.81 (1H, 2xs), 7.58 (1H, s), 7.33 (1H. s), 7.18-7.11 (1H, m), 
6.70-6.59 (1H, m), 6.49 (1H, s), 4.10-3.97 (2H, m), 3.97 (3H. s). 3.83-3.68 
(2H, m), 3.02 (3H. s), 2.71-2.53 (1H, m), 2.24-2.02 (1H, m). 
Example 33a. 

1 -(2^FurovlV7'-methoxv-3'-methvl-6'-n .3-ox azol-5-vn-f 'W- 

20 SDirorpvrrolidlne-3.2'-auinazolln1-4Y3W)-one 

From Example 21a (120mg) and 2-furolc acid (36mg). The residue was 
purified by column chromatography on silica eluting with 0-5% MeOH/DCM to 
yield the title compound as a solid (35mg, 26%). TLC Rf 0.2 (5% 
MeOH/DCM). LCMS 409 [M+H]*, RT 2.42 mins. ""H NMR 300MHz (d4- 

25 MeOD) 8.20 (2H, s), 7.80 (1H, s), 7.70 (1H, s). 7.40 (1H, s), 7.30-7.15 (1H, 
m), 6.75-6.55 (1H, m). 6.50 (1H, s). 4.30-4.15 (2H. m), 4.00-3.85 (5H, m), 3.20 
(2H. s), 2.90-2.70 (1 H. m), 2.45-2.25 (1 H, m). 
Example 34. 

7'-Methoxv-3'-methvl-1-rn-methvl-tH-Pvrrpl-2-vncarbonvn- 6V1.3-oxazp|- 
30 5-vn- 1 'H-SDirorpviTPlidlne-3.2'-auina20lin1-4Y3W)-one 

From Example 21 (50mg) and AA-methylpyrrole-2-carboxylic acid (16mg). The 
residue was purified by preparative HPLC (Method A) to yield the tttig 
compound as a solid (7mg, 13%). LCMS 422 [M+Hf, RT 2.58 mins. ^H 
NMR 300MHz (de-DMSO) 8.32 (1H. s), 8.00 (1H, s), 7.55 (1H, s), 7.33 (IN, s). 
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6.94 (1H, s), 6.55 (1H, s, br), 6.50 (1H, s), 6.05 (1H, s, br), 3.95-3.85 (5H, m), 
3.80-3.70 (5H, s), 3.07 (3H, s), 2.70-2.60 (1 H, m), 2.20-2.1 0 (1 H, m). 
Example 35. 

7'-Methoxv-3'-methvl-1 -ffl -methyl- 1 W-imidazol-2-vncarbonvn-6'-f 1 .3- 
5 oxa2ol-5-vn-t'W-splrorpvrrolld!ne-3.2'-aulna2oHn1-4Y3W)-one 

From Example 21 (50mg) and 1 -methyl- 7H-lmiclazole-2-carboxylic acid 
(49mg) The residue was purified by column chromatography on silica eluting 
with 5%MeOH/DCM to yield the title compound as an off-white solid (35.9mg, 
66%). TLC Rf 0.08 (5% MeOH/DCM). LCMS 423 [M+Hf, RT 2.14 mins. "'H 
10 NMR 300MHz (de-DMSO) 8.30 (1 H, s), 7.99 (1 H, d), 7.52 and 7.32 (1 H, 2xs), 
7.28 (1H, s), 7.02 and 6.92 (1H, 2xs), 6.45 (1H, d), 4.25 (2H. m), 3.91 (3H, s), 
3.88 (3H, s), 3.80-3.70 (2H, m), 3.00 (3H, s), 2.63-2.52 (1H, m), 2.18-2.04 
(1H.m). 
Example 36. 

15 1-(1-Benzothien-3-vlcarbonvlV-7'-methoxv-3'-methvl-6'-f1.3-oxazol-5-vn- 
tW-splrorpvrrolldlne-3.2'-aulnazolln1-4Y3'H)-one 

From Example 21 (SOmg) and 1-benzothiophene-3-carboxylic acid (23mg). 
The residue was dissolved in DCM (lOmj) and washed with water (3x1 0ml). 
The organic phase was separated, dried over MgSO*, filtered and 

20 concentrated in vacuo to give a residue that was purified by column 
chromatography on silica eluting with 4%MeOH/DCM to yield the tilte 
compound as a solid (16mg, 26%). TLC Rf 0.19 (5% MeOH/DCM). LCMS 
475 [M+Hr, RT 2.97 mins. ^H NMR 300MHz (de-DMSO, 90°C) 8.21 (1H, s), 
8.08-7.98 (4H, m), 7.45-7.40 (3H, m). 7.30 (1H, m). 6.54 (1H, s), 3.96 (3H, s), 

25 3.95-3.71 (4H, m), 3.05 (3H. s), 2.72-2.63 (1 H, m). 2.29-2.20 (1 H. m). 
Example 37. 

7'-methoxv-3'-methvl-1 -f2-methvl-2-phenvlproDanovn -6'-f 1 .3-oxazol-5- 
vl V 1 W-spirorpvrroHdine-3.2'-auinazolln1-4Y3 Wone 
From Example 21 (SOmg) and oca-dimethyl phenyl acetic acid (64mg). The 
30 residue was diluted with water (10ml) and extracted with EtOAc (3x10ml). 
The organic layers were combined, dried over MgS04, filtered and 
concentrated in vacuo. The residue was purified by preparative HPLC 
(Method A) to yield the title compound as a solid (13.8mg, 23%). TLC Rf 0.13 



63 



wo 2004/022554 



PCT/GB2003/0O3878 



(5% MeOH/DCM). LCMS 461 [M+H]-", RT 2.95 mins. NMR 300MHz (d4- 
MeOH) 8.16 (1H, s), 7.92 (1H. s). 7.34 (1H, s), 7.10-7.03 (4H, m), 6.90-6.83 
(1H, m). 6.18 (1H, s), 3.99 (3H, s). 3.80-3.75 (2H, m), 3.32-3.22 (2H. m), 3.10 
(3H, s), 3.80-3.70 (1H, m), 2.25-2.15 (IH, m). 1.70 (3H, s), 1.53 (3H, s). 
5 Example 38. 

7'-Methoxv-3'-methvl-6'-(1.3-oxazol-5-vn-1-f5-r4-ftrmuorom ethvnphenvn- 
2-furovl>-7'H-sDirorpvrroiidine-3.2'-auinazolln1-4Y3'H)-one 

From 5-[3-(trifluoromethyl) phenyl]-2-furoic acid (82mg), HBTU (121mg) and 
DIPEA (0.11ml) in DMF (20ml) and Example 21 (112mg). Purification by 

10 column chromatography on silica eluting with 3-5% MeOH/DCM afforded the 
title compound as a solid (llOmg, 62%). TLC Rf 0.28 (5%MeOH/DCM). 
LCMS 553 [M+nr, RT 3.49 mins. ""H NMR 300MHz (d4-MeOH) 8.25 (IH, s), 
8.22 (IH, s), 8.15 (1H, m), 8.02 and 7.9 (IH, s and d), 7.72-7.6 (2H, m), 7,4 
and 7.29 (1H, s and d), 7.38 (IH, s). 7.21 and 7.10 (1H. d), 6.55 (IH, s), 4.4- 

15 3.9 (7H, m), 3.29 and 3.25 (3H, 2xs), 2.85 (1 H. m), 2.40 (1 H, m). 
Example 39. 

M-r7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-vlV4'-oxo-1.3.3 '.4'-tetrahvdro- 
r'H-spironndene-2.2'-aulnazolin1-5-vnacetamlde 

From acetic acid (0.007ml), HBTU (49mg) and DIPEA (0.05ml) in DMF (5ml) 
20 and Example 13 (50mg). The residue was triturated in DCM/pentane to yield 
the title compound as a yellow solid (14.3 mg, 26%). TLG Rf 0.32 
(1 0%MeOH/DCM). LCMS 419 [M+Hf, RT 2.58 mins. ''H NMR 300MHz (d4- 
MeOH) 8.19 (IH, s). 8.18 (1H,s), 7.52 (IH, s), 7.22 (IH, s), 7.31 (IH, m), 7.18 
(IH, d), 6.37 (1H, s), 3.95 (3H, s), 3.62 (2H, dd), 3.30 (2H, dd), 3.05 (3H, s), 
25 2.12 (3H,s). 
Example 40. 

AA-r7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-viM'-oxo -1.3.3'.4'-tetrahvdro- 
f 'H-splrorindene-2.2'-auina2oHn1-5-vn-3-furamide 

From 3-furoic acid (9mg), HBTU (30mg) and DIPEA (0.03ml) in DMF (3ml) 
30 and Example 1 3 (50mg) ). The residue was triturated In DCM/pentane to yield 
the title compound as a white solid (12.9 mg, 34%). TLC Rf 0.51 
(10%MeOH/DCM). LCMS 471 [M+Hf, RT 3.02 mins. ""H NMR 300MHz (d4- 
MeOH) 8.25 (IH, s), 8.23 (IH, s), 7.65 (IH. s), 7.50 (1H, dd), 7.39 (IH. s). 
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7.27 (1H, d), 6.97 (1H, dd), 6.43 (1H, s), 4.00 (3H, s), 3.70 (2H, dd), 3.35 (2H, 

dd),3.10(3H,s). 

Example 41. 

A^r2.2-dimethvlpropviV7'-methoxv-3'-methvl- 6'-f1.3-oxazol-5-vn-4'-oxo- 
5 3'.4'-dlhvdro- 1 W-sptrorcvclopentane-1 .2'-au>nazoHne1-3-carboxamide 

From Example 18 (18mg), HBTU (38mg) and TEA (2 drops) in DMF (1ml) and 
neopentylamine (2 drops). Purification by preparative HPLC (Method A) 
afforded the title compound (5mg, 23%). LCMS: 427 [M+Hf, RT 2.92 mins. 
NIVIR 400MHz (d4-MeOH) 8.32 (1H, s), 8.17 (1H, s),, 8.14 (1H, s), 7.91- 
10 7.86 (1H, tr), 7.30 (1H, s), 6.40 (1H, s). 3.97 (3H, s), 3.15 (3H, s), 3.04-2.90 
(3H, m), 2.5-2.4 (1H, m), 2.23-2.20 (2H, d). 2.15-2.05 (1H. m), 2.00-1.88 (2H, 
m), 0.93 (9H, s). 
Example 42. 

7'-Methoxv-3'-methvl-6'-(1 .3-oxazo»-5-vlV-3-f Pvrrolld ln-1 -vicarbonvivr 'H- 
15 spirorcvcloDentane-1.2'-auinazolln1-4Y3W>-one 

From Example 18 (73mg), HBTU (76mg) and TEA (0.055nl) in DMF (3ml) 
and pyn-olidine (0.034ml). Purification by preparative HPLC (Method A) 
afforded the title compound as a single diastereomer (18mg, 22%). LCMS: 
411 [M+Hf, RT 2.50 mins. ^H NMR 400MHz (d4-MeOH) 8.20 (1H, s), 8.17 
20 (IN, s), 7.35 (1H, s). 6.45 (1H. s). 4.00 (3H, s), 3.60 (2H, m), 3.45 (2H, m). 
3.27 (1H, m), 3.15 (3H. s). 2.40 (2H, m), 2.20 (2H. m), 1.95 (6H, m). 
Example 43. 

1-r3-(Aminomethvi>ben20vn-7'-methoxv-3'-methv l-6'-f1.3-oxazol-5-vn- 
1 'W.splrorpvrrondine-3.2'-auinazolln1-4Y3'H)-on e dihvdrochloride 

25 Example 32 (53mg), DCM (3ml) and HCI (2M in EtgO, 10ml) were stirred at 
room temperature for 5 minutes. The reaction mixture weis concentrated 
carefully in vacuo at 40*'C to yield the title compound as a solid (58mg, 
quantitative). TLC Rf 0.05 (10% MeOH/DCM). LCMS 448 [M+Hf, RT 1.57 
mins. ""H NMR 300MHz (de-DMSO) 8.37 and 8.34 (1H, 2xs). 8.00 and 7.94. 

30 (1H, 2xs), 7.75-7.43 (5H, m), 7.36 and 7.31 (1H, 2xs), 6.57 and 6.50 (1H, 
2xs), 4.10 and 4.04 (2H, 2xs). 3.95 and 3.90 (3H, 2xs), 3.95-3.50 (4H, m), 
3.05 (3H, s), 2.76-2.58 (1H, m), 2.22-2.04 (1H, m). 
Example 44. 
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1 -f2.2-DimethvlpropanovlW-methoxv-3'-methvl-6'-(1 .3-ox azol-5-vn-7 'H- 
splrorpvrrolldine-3.2'-aulnazollnMY3'W)-one 

Intermediate 5 (100mg). DCM (10ml), DMF (2ml) and DIPEA (1ml) were 
stirred at room temperature under nitrogen for 5 mins. To the reaction mixture 

5 was added trimethyl acetyl chloride (0.03ml) and the mixture was stirred for 30 
mins. The reaction was concentrated in vacuo, taken up in EtOAc (100ml) and 
washed with aqueous NafiO^ (3Gml). The organic layer was separated, dried 
over MgSO^, filtered and concentrated in vacuo. The residue was purified by 
column chromatography on silica eluting with 4% MeOH /DCM to yield the title 

10 compound as a solid (4.6mg. 4.5%). TLC Rf 0.56 (10% MeOH/DCM). LCMS 
399 [M+Hf. RT 2.59 mins. ""H NMR 300MHz (d4-MeOH) 8.25 (2H, s), 8.40 
(1H, s), 6.55 (1H. s). 4.03 (3H, s), 4.02-3.80 (4H, m), 3.21 (3H. s), 2.80-2.65 
(IH.m), 2.29-2.21 (IH.m). 

15 Examples 45-46 were prepared in a similar manner to the method of Example 
44:- 

Example 45. 

A/-Ethvl-7'-methoxv-3'-methvl-6'-f1.3-oxazol-5-v!M'-ox o-3'.4'-dihvdro- 
TH. t'H-splrorpvrrolicline-3.2'-auinazoline1-1-carboxvlic acid methvlamide 

20 From Example 21 (100mg) and ethyl isocyanate (0.019ml). The residue was 
purified by trituration with MeOH:Et,0 (1:20). The filtrate was concentrated in 
vacuo to yield the title compound as a solid (20mg, 20%). TLC Rf 0.07 (5% 
MeOH/DCM). LCMS 386 [M+Hf, RT 2.12 mins. "'H NMR 300MHz (dr 
MeOH) 8.35 (1H, s). 8.23 (1H. s), 7.43 (1H. s), 6.52 (1H, s), 4.00 (3H, s). 

25 3.70-3.61 (4H, m). 3.33 (2H, q), 3.16 (3H, s), 2.76-2.64 (1H, m), 2.30-2.20 
(1H,m),1.13(3H,tr). 
Example 46. 

7'-Methoxv-3'-methvl-6'-(1.3-oxazol-5-vlV1-fp|perldln- 1-vlcarbonvlVt^H- 
spirorpvrroHdine-3.2'-auinazolin1-1-4Y3'H)-one 
30 From Example 21 (50mg) and 1 -piperidlnecarbonyl chloride (0.02ml). The 
residue was purified by trituration with MeOH to yield the title compound as an 
off-white solid (2.8mg, 5%). TLC Rf 0.45 (10% MeOH/DCM). LCMS 426 
[M+Hf, RT 2.70 mins. ""H NMR 300MHz (d4-MeOH) 8.21 (1H, s), 8.20 (1H, 
s). 7.38 (1H. s), 6.50 (1H. s), 4.01 (3H, s), 3.82-3.70 (2H, m), 3.64-3.50 (2H, 
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m), 3.37-3.20 {4H, m), 3.14 {3H, s), 2.69-2.57 (1H, m), 2.24-2.14 (1H, m), 
1.69-1.52 (6H, m). 
Example 46a. 

7'-Methoxv-3'-methvl-6V1 .3-oxa2ol-5-vn-1 -f pjperidin-l -vicarbonvh- I'H- 
5 splrorpvrrollcHne-3.2'-aulna2olln1-4Y3W)-one - Enatlomer 1 

Example 21a (40mg), l-plperidinecarbonyl chloride (0.013ml), DCM (20ml) 
and DIPEA (0.037ml) were combined under a nitrogen atmosphere and 
stirred at room temperature for 1 .5 hours. The mixture was taken up In EtOAc 
(100ml) and washed with 1M HCI (30ml) and saturated aqueous NagCOa 
10 (30ml). The organic layer was separated, dried over MgS04, filtered and 
concentrated in vacuo. The resulting residue was purified by column 
chromatography on silica eluting with 0-8% MeOH/DCIVl followed by 
preparative HPLC (Method A) to give the title compound as a solid (1 1 mg, 
25%). 

15 

Example 47 was prepared In a similar manner to the method of example 46a:- 
Example 47. 

1-flsopropvl>-7'-methoxv-3'-methvl-6'-f1 .3-oxazol-5-vl)-t "W- 
splrorpvrrolldine-3.2'-qulnazolln1-4Y3W)-one 

20 From Exaniple 21 (50mg) and isopropyl sulfonyl chloride (0.027ml). The 
residue was purified by column chromatography on silica eluting with EtOAc 
and then 5-10% MeOH/DCM followed by trituration with EtOAcrHeptane (1:5) 
to yield the title compound as a solid (4.1 mg, 3.8%). TLC Rf 0.56 (10% 
MeOH/DCM). LCMS 421 [M+Hf, RT 2.60 mins. ""H NMR 300MHz (d4- 

25 MeOH) 8.20 (1H, s), 8.19 (1H, s), 7.38 (1H, s), 6.50 (1H, s), 4.00 (3H, s), 
3.78-3.54 (4H, m); 3.42-3.30 (1H, m), 3.19 (3H, s). 2.81-2.71 (1H, m), 2.34- 
2.22 (1 H, m) 1 .37 (3H, d), 1 .34 (3H, d). 
Example 48. 

/so-Propvl 7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-vlM'-oxo-3'.4'-dIhvdro- 
30 1H. 1 W-splrorpvrrolldlne-3.2'-qulnazollne1-1 -carboxviate 

Intermediate 5 (lOOmg), dioxane (10ml), DMF (2ml), DIPEA (0.043ml) and 
isopropyl chloroformate (0.034ml) were combined and stinted at room 
temperature under a nitrogen atmosphere for 30 mins. The reaction mixture 
was diluted with EtOAc (100ml) and washed with aqueous NazCOs (30ml). 
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The organic layer was separated, dried over IVIgS04, filtered and 
concentrated in vacuo. The resulting residue was purified by trituration with 
EtOAc followed by column chromatography on silica eluting with EtOAc then 
6-10% MeOH/DCM and trituration with EtOAc/heptane (1/8) twice to give the 
5 title compound (3mg, 3%). LCMS 401 [M+Hf , RT 2.78 mins. NMR 
300MHz (d4-MeOH) 8.20 (1H, s), 8.19 (1H, s), 7.4 (1H. s), 6.50 (1H, s), 4.95- 
4.8 (1H, m), 4.00 (3H, s), 3.75-3.55 (4H, m). 3.15 (3H, s), 2.75-2.55 (1H, m), 
2.3-2.1 5 (1 H, m) 1 .35-1 .20 (6H, m). 
Example 49. 

10 Ethvl 7'-methoxv-3'-methvl-6'-ri.3-oxazol-5-vl>-4 '-oxo-3'.4'-dlhvdro- 
1H. 1 'fJ^spirorDvrrolidine-3.2'-aumazoline1-1 -carboxvlate 
Intermediate 5 (lOOmg), ethyl chloroformate (0.028ml), DMF (10ml) and TEA 
(0.13ml) were combined and stirred at room temperature under a nitrogen 
atmosphere for 1 hour. The reaction mixture was concentrated in vacuo arid 

15 the resulting residue purified by column chromatography on silica eluting with 
0-10%MeOI-l/DCM. DMF had carried through this process and was removed 
by dissolving in DCM absorbing onto a solid phase cartridge, washing the 
DIVIF off with water followed by washing off the product with MeOH. The 
MeOH phase was concentrated in vacuo to afford the title compound as an 

20 off-white solid (8mg, 7%). TLC Rf 0.40 (10% MeOH/DCM). LGMS 387 
[M+Hf, RT 2.56 mins. ^H NMR 400MHz (dg-DMSO) 8.35 (1H, s), 8.00 (1H, 
s), 7.5 (1H, s, br), 7.3 (1H. s), 6.50 (1H, s), 4.15-4.0 (2H, m), 3.9 (3H, s), 3.6- 
3.4 (4H, m), 3.0 (3H, s), 2.1-2.0 (1 H, m), 1 .45-1 .1 (4H, m). 
Example 50. 

25 Phenyl 7'-methoxv-3'-methvl-6'-f 1 .3-oxazol-5-vrV4'-oxo-3'.4 '-dihvdro- 
7H.f7j^splrorpvrrolidine-3.y-aulna2Qline1-1-carboxvlate 

Example 21 (50mg), phenyl chloroformate (0.01 8mO, DMF (10ml) and TEA 
(0.1ml) were combined and stirred at room temperature under a nitrogen 
atmosphere for 1 hour. The reaction mixture was concentrated in vacuo and 
30 the resulting residue purified by column chromatography on silica eluting with 
0-10% MeOH/DCM. DMF had carried through this process and was removed 
by dissolving the residue in DCM, absorbing onto a solid phase cartridge, 
washing off the DMF with water followed by washing off the product with 
MeOH. The MeOH phase was evaporated in vacuo to afford the trtte 
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compound as a beige solid (6.5mg, 10%). LCMS 435 [M+Hf. RT 3.03 mins. 

NMR 400MHz (de-DMSO) 8.35 (1H. s), 8.00 (1H. s), 7.65 (1H, d), 7.45-7.1 
(5H, m), 6.55 (1H, d), 3.95 (3H. s), 3.9-3.5 (4H. m). 3.05 (3H, d), 2.7-2.5 (1H, 
m), 2.2-2.1 (IH.m). 
5 Example 51. 

Benzvi 7'-methoxv-3'-methvl-^'-(1 .3-oxazol-5-vlV4'-oxo-3'.4'-dihvdro- 
1H.1 'H-spirorpvrrolidlne-3.2'-auinazollne1-1 -carboxvlate 

Example 21 (SOmg), benzyl chloroformate (0.02ml), DMF (5ml) and TEA 
(0.1ml) were combined and stirred at room temperature under a nitrogen 

10 atmospliere for 1 9 Incurs. Tlie reaction mixture was concentrated in vacuo 
and the resulting residue purified by column chromatography on silica eluting 
with 0-10%MeOH/DCM to afford the title compound as a beige solid (43mg, 
67%). TLC Rf 0.275 (5% MeOH/DCM). LCMS 449 [M+H]% RT 3.14 mins. ""H 
NMR 400MHz (de-DMSO) 8.35 (1H, s), 8.00 (1H. s), 7.55 (1H, d), 7.45-7.25 

15 (6H. m), 6.5 (1H, s). 5.15-5.0 (2H, m), 3.9 (3H, s), 3.8-3.45 (4H, m), 3.0 (3H, 
s), 2.6-2.45 (1 H, m), 2.15-2.0 (1 H, m). 
Example 52. 

1-(3.3-Dlmethvl-butvn-7'-methoxv-3'-methvl-6M1.3-oxaz ol-5-vlVt'tf- 
splrorpvrrolldlne-3.2'-aulnazollnT-4V3'H)-one 

20 Acetic acid (22mg) was added to a stirred solutlori of Example 21 (60mg), 
sodium triacetoxyborohydride (400mg) and 3,3-dlmethyl butyraldehyde 
(34mg) in MeOH (5ml) at 0°C under nitrogen. The mixture was allowed to 
warm to room temperature and was heated to 52''C for 3 hours. The reaction 
mixture was concentrated in vacuo and the residue was triturated with 

25 MeOH:EtjO:Heptane. The filtrate was concentrated in vacuo and purified by 
preparative HPLC (Method A) to yield -the title compound as a solid (26mg, 
42%). TLC Rf 0.63 (10% MeOH/DCM). LCMS 399 [M+H]*, RT 1.78 mins. 

NMR 300MHz (d4-MeOH) 8.22 (1H, s), 8.17 (1H, s), 7.36 (1H. s), 6.45 (1H, 
s), 4.01 (3H, s), 3.14 (IN. d), 3.16 (3H, s), 2.90-2.80 (2H, m). 2.79 (1H. d), 

30 2.67-2.56 (2H, m), 2.55-2.50 (1H. m), 2.25-2.13 (1H, m), 1.53-1.46 (2H, m), 
0.96 (9H, s). 
Example 53. 

1 -(3.3-Dimethvl-2-oxobutvlV7'-methoxv-3'-methvl-6'-M .3-oxazo i-5-vl>-r 'H- 
spirorpvrrolldlne-3.2'-quinazoHn1-4Y3'H)-one 
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To a solution of Example 21 (75mg) and TEA (0.09m!) in THF (5ml) at O^'C, 
was added 1-bromopinacolone (0.04ml). The reaction mixture was stirred for 
18 hours with slow warming to room temperature. The mixture was purified 
by column chromatography on silica eluting with 5%MeOH/DCM and the solid 

5 recovered was crystdlised from MeOH/EtaO to yield the title compound as a 
solid (4.6mg, 6%). HPLC RT 1 .75 mins. LCMS 413 [M+Hf, RT 1.76 mins. 

NMR 300MHz (d4-MeOH) 8.22 (1H, s), 8.16 (1H, s), 7.45 (1H, s), 6.44 (1H, 
s), 6.74 (1H, s), 3.80-3.57 (2H, dd), 3.18 (3H. s), 3.16-3.10 (1H, d), 2.96-2.88 
(1H, m), 2.82-2.76 (1H, d). 2.72-2.65 (1H. m). 2.52-2.42 (1H, m), 2.23-2.12 

10 (1H, m), 1.18(9H,s). 
Example 54. 

2-r7'-Methoxv-3'-methvl-6'-n .3-oxazol-5-vl V4'-oxo-3'.4'-d ihvdro- 1H. 1 'H- 
sp}rorpvrrolldine-3.2'-auinazorm1-1-vn-A/.Af-dime thvlacetamlde 

To a solution of Example 21 (50mg) and TEA (0.06ml) in THF (5ml) at 0°C, 
15 was added 2-chloro-A/,/S^dlmethylacetamide (0.01ml). The reaction mixture 
was stirred for 18 hours with slow wanning to room temperature. 2-chloro- 
A/,A/^dimethylacetamide (0.01ml) was added and the reaction mixture stirred at 
room temperature overnight. The mixture was concentrated in vacuo and 
purified by column chromatography on silica eluting with 5-10%MeOH/DCM to 
20 yield the title compound as a solid (20mg, 39%). TLC Rf 0.38 (10% 
MeOH/DCM). LCMS 400 [M-f-Hf, RT 1.41 mins. ''H NMR 300MHz (d4- 
MeOH) 8.18 (1H, s), 8.17 (1H, s), 7.44 (1H, s), 6.44 (1H. s), 3.96 (3H, s), 
3.55-3.35 (2H, dd), 3.28-3.20 (2H, m) 3.15 (3H, s), 3.10 (3H, s), 3.95 (3H, s). 
2.90-2.70 (2H, m), 2.50-2.40 (1 H, m), 2.23-2.12 (1H, m). 
25 Example 55. 

Cvclohexvi 7'-methoxv-3'-methvl-6W1.3-oxazol- 5-vlM'.oxc-3'.4'-dihvdro- 
1H.1 W-spirorpvrrolldine-3.2'-aulnazoline1-1 -carboxvlate 

To a solution of Example 21 (50mg) and TEA (0.1ml) in DCM (5ml) at room 
temperature, was added carbonic acid cyclohexylester 2,5-dioxo-pyrrolidin-1- 
30 yl ester (43mg) and the mixture stinred stin-ed for 18 hours at room 
temperature. The reaction mixture was concentrated in vacuo and purified by 
preparative HPLC (Method A) to yield the title compound as a solid (7.7nig, 
12%). LCMS 441 [M+H]*. RT 3.31 mins. ^H NMR 400MHz (d4-MeOH) 8.15 
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(2H, 2xs), 7.32 (1H, s), 6.44 (1H. s), 4.65-4.55 (1H, m), 3.90 (3H, s),3.68-3.56 
(4H. m) 3.07 (3H, s). 2.60-2.54 (1H, m). 2.22-2.12 (1H, m), 1.90-1.15 (5H, m). 

Examples 56-58 were prepared in a similar manner to the method of example 
5 55:- 

Example 56. 

7'-Methoxv-3'-methvl-1 -fmorphonn-4-vlcarbonvi^-6'-f1 .a-oxazol-S-vIV 7 'H- 
SDirorDvrrolidine-3.2'-aulnazolln1-4Y3Wone 

From Example 21 (50mg) and 4-morpholine carbonyl chloride (0,02ml). The 
10 residue was purified by column chromatography on silica eluting with 3- 
5%MeOH/DCM to yield the title compound as a solid (20.6 mg, 37%). TLC Rf 
0.44 (10% MeOH/DCM). LCMS 428 [M+Hf, RT 2.22 mins. NMR 300MHz 
(d4-MeOH) 8.18 (1H, s), 8.14 (1H, s), 7.32 (1H, s), 6.45 (1H, s), 3.96 (3H, s), 
3.80-3.70 (2H, m), 3.68-3.60 (4H, m), 3.60-3.53 (2H, m), 3.35-3.20 (4H, m), 
15 3.10 (3H, s) 2.65-2.55 (1 H, m), 2.22-2.12 (1 H, m). 
Example 57. 

^3fl)-Tetrahvdrofuran-3-vl (3-fr7'-methoxv-3'-methvl-6 '-f1.3-oxazol-5-vn- 

4'-oxo-3'.4'-dlhvdro-tH.tW-SDirorpvrrolidlne-3.2'-auinazollnT-1- 

vncarbonvl^benzvltearbamate 

20 From Example 43 (50mg) and carbonic acid 2,5-dloxo-pyrrolidin-1-yl ester 
tetrahydro-furan-3-CS;-yl ester (26mg). The residue was diluted with DCM 
(50ml), washed with 1M HCI (30ml) and washed with aqueous NaaCOa 
solution (30ml). The organic layer was separated, dried over MgS04, filtered 
and concentrated in vacuo. The residue was purified by preparative HPLC 

25 (Method A) to yield the title compound as a solid (26mg, 41%). TLC Rf 0.53 
(10% MeOH/DCM). LCMS 561 [M+Hf, RT 2.42 mins. ''H NMR 300MHz (de- 
DMSO) 8.30 (1H, d), 8.00 and 7.90 (1H, 2xs), 7.85 and 7.75 (1H, 2xm). 7.65 
and 7.53 (1H, 2xs) 7.45-7.22 (5H, m), 6.46 (1H, s). 5.10-5.00 (1H, m) 4.22- 
4.15 (1H, m), 4.14-4.06 (1H. m), 3.90 (3H, m) 3.75-3.60 (8H, m), 3.00 (3H, m), 

30 2.70-2.55 (1 H. m), 2.1 8-2.00 (2H, m), 2.00-1 .75 (1 H. m). 
Example 58. 

1 -(terf-Butoxvcarbonvnp|peridin-4-vl 7'-methoxv-3'-methvl-6'-f 1 .3^xazo»- 

5-vn-4'-oxo-3'.4'-dlhvdro-7H.tW-spirorpvrrolidme-3.2'-aulnazollneM- 

carboxvlate 
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From Example 21 (73mg) and 4-(2,5-clioxo-pyrroliclin-1-yloxycarbonyloxy)- 
piperidine-1-carboxylic acid ferf-butyl ester (71 mg). The residue was purified 
by column chromatography on silica eluting with 5% MeOH/DCM to yield the 
title compound as a solid (93 mg, 83%). TLC Rf 0.23 (5% MeOH/DCM). 
5 LCMS 542 [M+Hf, RT 3.08 mins. ""H NMR 400MHz (d4-MeOH) 8.15 (2H, 
2xs), 7.40 (1H, s). 6.45 (1H. s), 4.85-4.80 (1H, m), 3.95 (3H, s), 3.80-3.69 (6H, 
m), 3.11 (3H, s), 3.10-2.97 (2H, m) 2.70-2.60 (1H, m), 2.20-2.10 (1H, m), 
1 .90-1 .80 (3H, m) 1 .70-1 .60 (1 H, m), 1 .40 (9H, s). 
Example 59. 

10 PiDerldin-4-vl 7'-methoxv-3'-methvl-6'-n .3-oxazol-5-vn-4'-oxo-3'.4'- 
dIhvdro-rH.7'H-spirorpvrrolidlne-3.2'-aulnazoline1-1-carboxvlate 
To a solution of Example 58 (73mg) In DCM (3ml) was added 1 M HCI in EtaO 
(3ml) and the mixture stirred at room temperature for 30mins. The precipitate 
formed was partitioned between 2M NaOH (20ml) and DCM (20ml). The 

15 organic layer was separated, dried over MgS04, filtered and concentrated in 
vacuo to yield the title compound as a clear glass (35.5mg, 60%). LCMS 442 
[M+Hf. RT 1.55 mIns. NMR 300MHz (d4-MeOH) 8.20 (1H, s), 8.15 (1H, 
s), 7.32 (1H, s), 6.45 (1H, s), 4.80-4.75 (1H, m), 3.95 (3H, s), 3.85-3.60 (4H. 
m), 3.10 (3H, s), 3.08-2.90 (2H, m) 2.75-2.55 (3H, m), 2.25-2.15 (1H, m), 

20 2.00-1.75(2H,m) 1.68-1.30 (2H,m). 
Example 60. 

1 -Acetvlplperidin-4-vl 7'-methoxv-3'-methvl-6'-f1 .S-oxazol-S-vlM'-oxo- 
3'.4'-dlhvdro- tW. 1 W-splrorpvrroHdine-3.2'-auinazoline 1-1 -carboxvlate 

To a stirred solution of acetic acid (1 drop), HBTU (17mg) and TEA (2 drops) 
25 in DMF (2ml) was added after 5 mins Example 59 (19.5mg). The mixture was 
stin-ed for 3 hours then concentrated in vacuo. The residue was pi/rified by 
preparative HPLC (Method A) to yield the title compound as a solid (8.8mg, 
41%). LCMS 484 [M+Hf, RT 2.31 mins. ^H NMR 400MHz (d4-MeOH) 8.15 
(1H, s), 8.12 (1H, s), 7.31 (1H, s). 6.45 (1H, s), 4.95-4,85 (1H. m), 3.97 (3H, 
30 s), 3.80-3.60 (6H, .m), 3.50-3.32 (2H, m) 3.10 (3H, s), 2.70-2.60 (4H, m) 2.25- 
2.13 (1H, m), 2.10-2.00 (2H, m), 1.98-1.80 (2H, m). 
Example 61. 
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f3SVTetrahvdrofuran-3-vU3-(r7'-methoxv-3'-met hvl-6'-(1.3-oxazol-5-vl)-4'- 
oxo-3'.4'-dihvdro- 1H. 1 'H-sDirorDvrrolidine-3.2'-au ina2ollnM - 
vncarbonynethvDcarbamate 

To a stirred solution of AZ-fert-butoxycarbonyi-beta-alanine "(54mg) in DMF 

5 (5ml), at room temperature under nitrogen was added HBTU (108mg) and 
DIPEA (0.15ml). Example 21 (lOOmg), was added and the reaction stirred for 
18 hours. The reaction mixture was concentrated in vacuo, dissolved in 1% 
MeOH/EtOAc (50ml) and washed with aqueous NagCOa solution (10ml) and 
1M HCI solution (10ml). The organic layer was separated, dried over MgS04, 

10 filtered and concentrated in vacuo to give a brown oil. Purification by column 
chromatography on silica eluting with 3% MeOH/DCM afforded a brown solid. 
This was dissolved in a solution of 1M HCI in Et20 (5ml) and the mixture 
stirred at room temperature for 1 hour. The reaction mixture was 
concentrated in vacuo to yield a brown oil which was dissolved in THF/H2O 

15 (2.5ml/2.5ml). To this was added NaHCOa (35mg) and carbonic acid 2,5- 
dioxo-pyrrolidin-1-yl ester tetrahydro-furan-3(S)-yl ester (40mg). After stirring 
for 16 hours at room temperature, the THF was removed in vacuo and the 
aqueous residue partitioned between water (10ml) and 10%MeOH/DCM 
(10ml). The organic layer was separated, dried over MgS04, filtered and 

20 concentrated in vacuo to give a brown oil. Purification by column 
chromatography on silica eluting with 5-1 0%MeOH/DCM . afforded the Jiflg 
comoound as a brown solid 65mg (48%). TLC Rf 0.12 (5% MeOH/DCM). 
LCMS 500 [M+Hf, RT 2.16 mins. ^H NMR 300MHz (d4-MeOH) 8.20 (2H, 
2xs). 7.34 (1H, s), 6.45 (1H, d), 5.22-5.10 (1H, m), 3.95 (3H, s), 3.90-3.60 (8H, 

25 m), 3.45-3.35 (2H, m) 3.13 (3H, d), 2.75-2.52 (2H, m) 2.50-2.42 (1 H, m), 2.32- 
1.90 (3H.m). 
Example 62. 

7'-Methoxv-3'-methvi-6'-f1.3-oxazoU5-vn-4'-oxo -A^Dhenvl-3'.4'-dihvdro- 
1H.1 W-splrorpvrroHdlne-3.2'-aulnazo»neM -carboxamide 

30 To a solution of aniline (0.02ml) In dry DCM (15ml) under nitrogen cooled to 
-78°C was added triphosgene (19mg) followed by TEA (0.05ml). The mixture 
was allowed to warm to 0°C and stirred for 30mins. Addition of Example 21 
(70mg) then took place along with more TEA (0.05ml). The reaction mixture 
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was allowed to warm to room temperature and stirred overnight. The reaction 
mixture was diluted with DCM (15ml) and successively washed with 1M 
aqueous HCI (2x1 5ml), H2O (15ml), NaHCOa solution (2x1 5ml) and brine 
(15ml). The organic layer was separated, dried over MgS04, filtered and 

5 concentrated in vacuo. The residue was purified by column chromatography 
on silica eluting with EtOAc then 10% MeOH/DCM followed by trituration in 
MeOH/pentane to afforcl the title compound as a white solid (7.4mg, 9%). TLC 
Rf 0.44 (10% MeOH/DCM). LCMS 434 [M+Hf, RT 2.74 mins. ""H NMR 
300MHz (d4-MeOH) 8.23 (1H, s), 8.14 (1H, s), 7.31-7.25 (2H, tr), 7.28-7.23 

10 (2H. tr), 7.04-6.99 (1H, tr), 6.50 (1H, s), 3.97 (3H, s), 3.83-3.70 (4H, m). 3.16 
(3H, s), 2.77-2.63 (1H, m), 2.34-2.24 (1H, m). 

Examples 63-83 were prepared in a similar manner to the method of example 
62:- 

15 Example 63. 

7'-methoxv-/V.3'-dimethvl-6V1.3-oxazol-5-vlM'-oxo-A^phenvl-3'.4'- 

dlhvdro- 1H. 1 "f^spirorpvrrolidine-3.2'-auinazolineM -carboxamrde 

From Example 21 (70mg) and W-methylanlline (0.02ml). Purification by 
trituration in EtOAc/pentane afforded the title compound as a green solid 
20 (26mg, 32%). TLC Rf 0.15.(EtOAc). LCMS 448 [M+Hf, RT 2.87 mIns. ""H 
NMR 300MHz (d4-MeOH) 8.20 (1H, s), 8.11 (1H. s), 7.40-7.33 (3H, m), 7.20- 
7.15 (3H, m), 6.43 (1H, s), 3,98 (3H, s), 3.52-3.23 (4H, m), 3.19 (3H, s), 2.94 
(3H, s), 2.53-2.41 (1H. m), 2.09-1.98 (1H, m). 
Example 64. 

25 i-ir4-f4-Chlorophenoxv>piperidin-1-vncarbonvn-7'-methoxv-3'-methvl-6'- 
(1 .3-oxa20l-5-vn-tW-splrorpvrrolidlne-3.2'<iuina2olfn1-4Y3'H)-one 
From Example 21 (50mg) and 4-(4-chlorophenoxy)-piperldine (32mg). 
Purification by column chromatography on silica eluting with 5-10% 
MeOH/DCM followed by trituration in DCM/pentane afforded the tjtje 

30 compound as a yellow solid (15mg, 21%). TLC Rf 0.47 (1 0%MeOH/DCM). 
LCMS 554 [M+nr, RT 3.54 mins. ^H NMR 300MHz (d4-MeOH) 8.23 (1H, s), 
7.40 (1H, s), 7.30-7.26 (2H, d), 7.07-6.94 (2H, d), 6.52 (1H, s), 4.60-4.50 (1H, 
nn), 4.02 (3H, s), 3.84-3.77 (2H, m), 3.67-3.53 (4H, m), 3.17 (3H, s)," 2.73-2.59 
(1H, m), 2.26-2.1 6 (1H, m), 2.17-1.83 (1H, m), 1.82-1.64 (1H, m). 
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Example 65. 

M-Benzvl-7'-methoxv-/V.3'-dimethvl-6'-(1.3-oxa20«-5-vlM '-QXO-3'.4'- 

dihvdro-tH.t'H-spirorDvrrolidlne-3.2'-auinazoline1-1"Ca rboxamide 

From Example 21 (50mg) and W-benzylmethylamine (0.017ml). Purification by 

5 column chromatography on silica eluting with 5% MeOH/DCM followed by 
trituration In DCM/pentane afforded the title compound as an off-white solid 
(31 mg, 52%)! TLC Rf 0.52 (10%MeOH/DCM). LCMS 462 [M+Hf, RT 2.94 
mins. ""H NMR 300MHz (d4-MeOH) 8.18 (1H, s). 8.14 (1H, s). 7.36 (1H, s), 
7.25-7.21 (2H, d), 6.47 (1H, s), 4.52-4.47 (1H, d), 4.35^.30 (1H, d). 3.95 (3H, 

10 s), 3.97-3.77 (1 H, m), 3.68-3.52 (4H, m), 3.10 (3H. s), 2.77 (3H, s), 2.67-2.56 
(1H, m), 2.20-2.10 (1H, m). 
Example 66. 

A/.A/^Diethvl-7'-methQxv-3'-methvl-6'-ri.3-oxazol-5-vn-4'-ox o-3'.4'-dfhvdro- 
1H. 1 'H-splrorpvrrolidine-3.2'-auina2ol[ne1-1 -carboxamide 

15 From Example 21 (lOOmg) 4-piperidone monohydrate hrdyochloride (40nng) 
and TEA (0.17ml). Purification by column chromatography on silica eluting 
with 5% MeOH/DCM followed by trituration In DCM/pentane afforded the titje 
compound as a magnolia solid (58mg, 54%). TLC Rf 0.47 (1 0%MeOH/DCM). 
LCMS 414 [M+H]*. RT 2.67 mins. NMR 300MH2 (d^MeOH) 8.17 (2H, 

20 2xs), 7.35 (1H, S), 6.47 (1H, s), 3.98 (3H, s). 3.79-3.71 (2H, m). 3.60-3.50 
(2H, m), 3.30-3.21 (4H, m), 3.13 (3H, s), 2.69-2.56 (1H, m), 2.21-2.11 (1H, 
m), 1.15-1.10 (1H, tr). 
Example 67. 

7'-Methoxv-3'-methvl-1 -r(4-methvlpiperazin-1 -viWarbo nvn-6'-n ■3-oxazol- 
25 5-vn- 1 W-sp!rorpvrrolldlne-3.2'-auina2olin1-4Y3'H>-one 

From Example 21 (lOOmg) and methylpiperazine (0.01ml). The product in 
DOM (15ml) was extracted with 1M HCL (2x1 5ml), the aqueous layers were 
combined, basified with solid NaOH and extracted with DCM (3x20ml). The 
organic layers were combined, dried over MgS04, filtered and concentrated in 
30 vacuo. The residue was triturated In DCM/pentane and further purified by 
preparative HPLC (Method A) to afford the title compound as a yellow solid 
(5.6mg, 10%). TLC Rf 0.08 (10%MeOH/DCM). LCMS 441 [M+Hf, RT 1.48 
mins. ^H NMR 300MHz (d4-MeOH) 8.19 (2H, 2xs), 7.36 (1H, s). 6.48 (1H, s), 

-V 
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3.97 (3H, s), 3.79-3.74 (2H, m), 3.63-3.52 (2H, m), 3.40-3.28 (4H, m), 3.13 
(3H, S), 2.66-2.58 (1H, m), 2.46-2.40 (4H, m), 2.29 (3H, s), 2.22-2.13 (1H, m). 
Example 68. 

Af-r2.4-DifluorophenvlV7'-methoxv-A/.3'-dimethvl-6'-(1.3 -oxa2ol-5-vn-4'- 
5 oxo-3'.4'-dihvdrQ-?RYW-spirorpvrroHdlne-3.2'-auina2oHne1-1- 
carboxamide 

From Example 21 (100mg) and 2,4-dlfluoro-/N/-methylaniline (18.6mg). 
Purification by trituration in DCM/pentan© afforded tlie title comoound as a 
white solid (26mg, 41%). TLC Rf 0.47 (10%MeOH/DCM). LCMS 484 [M+H]\ 
10 RT 2.93 mins. NMR 300MHz (d4-MeOH) 8.17 (1H, s), 8.11 (1H, s), 7.36- 
7.27 (1H, m), 7.34 (1H, s), 7.10-6.93 (2H, m). 6.40 (1H, s), 3.96 (3H, s), 3.50- 
3.40 (1H, m), 3.36-3.24 (3H, m), 3.10 (3H. s), 2.96 (3H, s), 2.56-2.45 (1H, m), 
2.09-2.00 (1H,m). 
Example 69. 

15 feri^Butvl 4-fr7'-methoxv-3'-methvl-6'-ri .3-oxazol-5-vlV4'-oxo-3'.4'- 
dlhvdro-tH.f'H-spirorpvrrolldlne-3.2'-aulnazolln1-1- 
vllcarbon vnp|perazine-1 -carboxvlate 

From Example 21 (100mg) and f-butyl-1-piperazine (48.4mg). Purification by 
column chromatography on silica eluting with 5% MeOH/DCM and trituration 

20 with DCM/pentane yielded the title compound as a yellow solid (34.5mg, 
25%). TLC Rf 0.59 (10% MeOH/DCM). LCMS 527 [M+Hf, RT 3.01 mins. ""H 
NMR 300MH2 (d4-MeOH) 8.3 (2H, 2xs), 7.40 (1H, s), 6.50 (1H. s), 4.05 (3H, 
s), 3.85-3.75 (2H, m), 3.80-3.65 {2H, m), 3.50-3.40 (4H, m), 3.40-3.25 (4H, 
m), 3.15 (3H, s), 2.70-2.60 (1H, m), 2.25-2.15 (1 H, m), 1 .45 (9H, s). 

25 Example 70. 

yV-f2-ChlorophenvlW-methoxv-M.3'-dimethvl-6'-n.3-oxazol-5-vn-4'-oxo-3'.4'~ 
dlhvdro-fH.7W-sblrorpvrrolldlne-3.2'-auinazollne1-1-carboxamide 

From Example 21 (50mg) and 2-chloro-W-methylaniline (18.2mg). The residue 
was purified by column chromatography on silica eluting with 5% MeOH/DCM 
30 to yield the title compound as a solid (llmg, 18%). TLC Rf 0.23 (5% 
MeOH/DCM). LCMS 482 [M+Hf, RT 2.95 mins. ^H NMR 300MHz (d4- 
MeOH) 8.20 (1H, s), 8.10 (IN. s), 7.50-7.20 (5H, m). 6.45 (1H, s), 4.00 (3H, 
s), 3.50-3.40 (1H, m), 3.35-3.10 (3H, m). 3.10 (3H, s), 2.95 (3H, s), 2.55-2.40 
(IH, m), 2.10-2.00 (1H, m). 

76 



wo 2004/0225S4 



PCT/GB2003/OO3878 



Example 71. 

7'-Ethoxv-/V.3'-dimethvl-6'-(1.3-oxazol-5-vn-4'-oxo-A^r2- 
YtrifluQromethoxvtohenvn-3'.4'-dlhvdrQ-tRrW-S DirQrDvrrolidine-3.2'- 

auinazollnel-1 -carboxamide 

5 From Example 21 (50mg) and 2-trlfluoromethoxy-A/-methylaniline (24.9mg). The 
precipitate was collected and dried to yield the title compound as a light brown 
solid (32.3mg, 47%). TLC Rf 0.31 (10% MeOH/DCM). LCMS 532 [M+Hf, RT 
3.16 mins. NMR 300MHz (d4-MeOH) 8.20 (1H, s), 8.10 (1H, s). 7.45-7.30 
(5H, m), 6.40 (1H, s), 3.95 (3H, s), 3.55-3.45 (1H, m), 3.40-3.25 (2H, m), 3.20- 

10 3.10 (4H,m), 2.95 (3H,s), 2.55-2.45 (IH.m), 2.10-2.00 (1H,m). 
Example 72. 

1-fr4^2-Fluorophenvnpiperldin-1-vncarbonvl>-7'-metho xv-3'-methvl-6V1.3r 
oxazol-5-vlV 1 W-spIrorpvrrolldlne-3.2'-auinazoiim-4Y3W>-one 

From Example 21 (50mg) and 4-(2-fluor6phenyl)piperldlne (23mg). The residue 
15 was purified by column chrorriatography on silica elutlng with 5% MeOH/DCM to 
yield the title compound as a white solid (29mg, 43%). LCMS 520 [M+H]*, RT 
3.31 mins. NMR 300MHz (d4-MeOH) 8.25 (2H, s), 7.40 (1H, s), 7.25-7.15 
(2H, m). 7.10-7.00 (2H. m), 6.55 (1H, s). 4.00 (3H, s), 4.00-3.75 (4H, m), 3.65- 
3.55 (2H, m), 3.15 (3H, s), 3.15-2.85 (3H, m), 2.70-2.60 (1H, m), 2.25-2.15 (1H, 
20 m), 1.85-1 .60 (4H, m). 
Example 73. 

7'-Methoxv-A/.3'-dimethvl-6'-n.3-oxazol-5-vn-4'-oXo-/y/-r2- 

ftrlf luoromethvnphenvn-3'.4'-dlhvdro- 1H. 1 'H -spirorpvrrolldine-3.2'- 

aulnazoline1-1 -carboxamide 

25 From Example 21 (50mg) and 2-(methylamino) benzotrlfluoride (23mg). The 
residue was purified by column chromatography on silica eluting with 5% 
MeOH/DCM to yield the title compound as a solid (8.5mg, 13%). TLC Rf 0.18 
(5% MeOH/DCM). LCMS 516 [M+H]% RT 3.01 mins. ^H NMR 300MHz (d4- 
MeOH) 8.20 (1H, s), 8.10 (1H, s). 7.75-7.60 (2H, m), 7.35-7.50 (3H, m). 6.40 (1H, 

30 s), 3.95 {3H, s), 3.80-3.35 (2H. m), 3.25-3.10 (5H, m), 2.95 (3H. s), 2.55-2.35 
(1H, m), 2.10-2.00 (1H, m). 
Example 74. 
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Methvl 4-r(r7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-vn-4'-oxo-3'.4'-dihvdro- 
1H. 1 'H-SDirorpvrrolidlne-3.2'-auina20lin1-1 - 
vncarbonvlVmethvhaminolbenzoate 

From Example 21 (500mg) and methyl-4-(methylamino)benzoate (215mg). 

5 Trituration with DCI\/l/pentane afforded tiie title compound as a yellow solid 
(484mg, 74%). TLC Rf 0,53 (10% IVIeOH/DCM). LCIVIS 506 [M+Hf, RT 2.78 
mins. ""H HMR 300MHz (d4-MeOH) 8.20 (1H, s). 8.10 (1H, s), 7.95 (2H, d)..7.45 
(1H, s), 7.35 (2H, d). 6.45 (1H, s), 4.05 (3H, s), 3.85 (3H, s), 3.60-3.50 (2H, m), 
3.25 (3H, s), 3.00 (3H, s), 2.65-2.55 (1H, m), 2.15-2.05 (1H, m). 

10 Example 75. 

7'-Methoxv-/tf-r4-methoxvphenvlVA/.3'-dimethvi-6'-ri.3-oxazol-5-vlM'-oxo- 
3'.4'-dihvdro-rH.t'/f-spirorpvrrolldine-3.2'-aulnazoline1-1-carboxamide 
From Example 21 (50mg) and A/-methyl-p-anisidine (18mg). The residue was 
purified by column chromatography on silica eluting with 5% iVIeOH/DCM to 

15 yield the title comoound as a pale green solid (15mg, 24%). TLC Rf 0.44 
(10% MeOH/DCM). LCMS 478 [M+Hf , RT 2.79 mIns. NMR 300l\4Hz (d4- 
MeOH) 8.20 (1H, s), 8.10 (1H, s), 7.35 (1H, s), 7.10 (2H. d), 6.85 (2H, d), 6.40 
(1H. s), 4.00 (3H, s). 3.70 (3H, s), 3.55-3.35 (2H, m), 3.20 (2H, m), 3.1 0 (3H, 
s), 2.95 (3H, s), 2.50-2.40 (1H, m), 2.05-1.95 (1H, m). 

20 Example 76. 

7'-Methoxv-3'-methvl-6'-(1.3-oxazol-5-vn-1-ir4-(pvrldin-4-vlox v)piperldin- 
1-vncarbonvll-7W-spirorpvrrolidine-3.2'-aulnazolin1-4Y3'H)-one 

From Example 21 (50mg) and 4-(piperidin-4-yloxy)-pyridine (CAS 224178-65- 
8) (46mg). The residue was purified by column chromatography on silica 

25 eluting with 7% MeOH/DCM, followed by preparative HPLC (Method B) to 
yield the title compound as a solid (lOmg, 15%). LCMS 519 [M+Hl*, RT 1 .64 > 
mIns. NMR 40DMHz (d4-MeOH) 8.35 (2H, 2xs), 8.20 (1H, s), 8.18 (1H, s), 
7.35 (1H, s), 7.1 0 (1H, s), 7.05 (1H, s), 6.50 (1H. s), 4.75 (1H, m), 3.95 (3H, 
s), 3.80-3.75 (2H, m), 3.60-3.50 (4H, m), 3.30-3.20 (2H, m), 3.15 (3H, s), 2.65- 

30 2.55 (1 H, m), 2.20-2.1 0 (1 H, m). 2.05-1 .95 (2H, m), 1 .80-1 .65 (2H, m). 
Example 77. 

1 -f r4-f1 -Benzof uran-2-vnp8peridin-1 -vncarbonvlT-7'-methoxv-3'-methvl-6'- 
(1.3-oxazol-5-vn-tW-splrorpvrrolldlne-3.2'-aulnazolln1-4Y3W)-one 
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From Example 21 (50mg) and 4-(2-benzofuranyl)-piperidine (CAS 54477-05- 
3) (26mg). The residue was purified by column oiiromatograpliy on silica 
eluting with 30-100% EtOAc/heptane followed by 5% MeOH/DCM. Trituration 
in DCM/pentane afforded the title comoound as a yellow solid (4mg, 6%). 

5 TLC Rf 0.44 (EtOAc). LCMS 5427 [M+Hf, RT 3.53 mins. NMR 400MHz 
(d4-MeOH) 8.15 (1H, s), 7.45 (1H, d), 7.35 (2H, m), 7.20-7.10 (2H, m), 6.50 
(1H, s), 6.45 (1H, s), 3.95 (3H, s), 3.90-3.55 (4H, m), 3.65-3.55 (2H, m), 3.15 
(3H, 8), 3.05-2.95 (3H, m), 2.65-2.55 (1H, m), 2.25-2.15 (1H, m), 2.15-2.05 
(2H, m), 1.75-1.60 (2H.m). 

10 Example 78. 

7'-Methoxv-/\/.3'-dimethvl-6'-(1.3-oxazol-5-vlV4'-oxo-A/-Dvridin -2-vl-3'.4'- 
dihvdro-tH. 1 'H-spirorDvrrondlne-3.2'-auinazorm6l-1 -c arboxamide 

From Example 21 (50mg) and 2-(methylamino)pyridine (0.01 3mi). The residue 

was purified by column chromatography on silica eluting with 4% MeOH/DCM 
15 to yield the title comoound as a solid (9.2mg, 16%). LCIVIS 449 [M+HY, RT 

2.33 mins. NIVIR 400MHz (d4-MeOH) 8.30 (1H, d), 8.15 (1H, s), 8.10 (1H. 

s), 7.75 (1H, t). 7.30 (1H, s), 7.15 (1H, d), 7.05 (1H, t), 6.45 (1H, s), 3.95 (3H. 

s), 3.65-3.35 (4H, m), 3.25 (3H, s). 3.05 (3H, s), 2.60-2.50 (1H, m), 2.15-2.05 

(IH.m). 
20 Example 79. 

AK2-CvanoethvlV7'-methoxv-/V.3'-dimethvl-6'-(1. 3-oxazol-5-vlV4'-oxo-3'.4'- 
dIhvdro-rH. 1 'H-splrorpvrroildlne-3.2'-auinazoline1-1 -c arboxamide 

From Example 21 (50mg) and W-methyl-y^-alanine nitrile (0.01ml). The residue 
was purified by column chromatography on silica eluting with 5% MeOH/DCM 

25 to yield the title compound as a yellow solid (30mg, 50%). TLC Rf 0.46 (10% 
MeOH/DCM). LCMS 425 [M+H]*, RT 2.28 mins. NMR 400MHz (d4- 
MeOH) 8.20 (2H, 2xs), 7.35 (1H. s), 6.50 (1H, s), 3.95 (3H. s), 3.80-3.70 (2H. 
m), 3.60-3.50 (3H, m), 3.45-3.35 (1H, m), 3.10 (3H, s), 3.00 (3H, s), 2.75-2.70 
(2H, t), 2.65-2.60 (1H, m), 2.20-2.10 (1H, m). 

30 Example 80. 

A/-Ethvl-/SMsopropvl-7'-methoxv-3'-methvl-6'-M.3-oxa20 l-5-vlV4'-oxo-3'.4'- 
dihvdro- 7H. 1 'H-splrorpvrroiidlne-3.2 -aulnazoline1-1 -carboxamide 
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From Example 21 {70mg) and AZ-ethylisopropylamine (34mg). The residue 
was purified by column chromatography on silica eluting with 3% MeOH/DCM 
followed by dissolving In DCM (50ml) and washing with aqueous 10% NaaCOa 
(20ml). 1M HCI (aq) (20ml) and water (20ml). The organic layer was 

5 separated, dried over MgS04, filtered and concentrated in vacuo, to yield the 
title compound as a solid (8.5mg. 11%). LCMS 428 [M+H]*, RT 2.81 mins. 

NMR 400MHz (d4-MeOH) 8.20 (2H, 2xs), 7.35 (1H, s), 6.45 (1H, s), 4.00 
(3H, s), 3.95-3,85 (1H, m), 3.80-3.70 (2H. m), 3.60-3.50 (2H. m), 3.25-3.15 
(1H, m), 3.10 (3H. s), 3.10-3.00 (1H, m), 2.65-2.55 (1H, m), 2.20-2.10 (1H, m), 

10 1.20-1.10 (6H, m), 1.05-1.00 (3H, t). 
Example 80a. 

A/-Ethvl-A/-lsopropvl-7'-methoxv-3'-methvl-6'-n.3-oxazo[-5-vn-4'-oxo-3'.4'- 
dlhvdro-ttf.r7Y-spirorpvrrol[dine-3.2'-auinazollne1>1-carboxamlde 

From Example 21a (70mg) and A/-ethylisopropyIamine (34mg). The residue 
15 was purified by preparative HPLC (method A) to yield the title compound as a 
solid (2.5mg, 3.3%). LCMS 428 [M+Hf, RT 2.79 mins. NMR 400MH2 (d^ 
MeOD) 8.20 (1H, s), 8.15 (1H, s), 7.35 (1H, s), 6.50 (1H, s). 4.00 (3H. s), 
3.85-3.95 (1H, m), 3.65-3.75 (2H, m), 3.45-3.55 (2H, m), 3.25-3.15 (1H, m), 
3.15-3.00 (1H, m), 3.10 (3H, s), 2.65-2.55 (1H, m), 2.20-2.10 (1H, m), 1.15- 
20 1.10 (6H, m), 1.05 (3H,t). . 
Example 81. 

7'-Methoxv-3'-methvl-6'-(1.3-oxazol-5-vlM'-oxo-A/-(2.2.2-trifluoroethvl)- 
3'.4'-dlhvdro-tH.rW-spirorpvrrolidine-3.2'-auinazoline1-1-carboxamide 
From Example 21 (SOmg) and 2,2,2-trifluoroethylamine (19mg). The residue 

25 was purified by column chromatography on silica eluting with 5-10% 
MeOH/DCM to yield the title compound as an off-white solid (7.5mg, 13%). 
TLG Rf 0.21 (10% MeOH/DCM). LCMS 440 [M+Hf, RT 2.46 mins. NMR 
400MHz (d4-MeOH) 8.20 (2H, 2xs), 7-35 (1H, s), 6.50 (1H, s), 3.95 (3H, s), 
3.85 (2H. q). 3.65 (4H, m), 3.10 (3H, s), 2.75-2.65 (1H. m), 2.25-2.15 (1H. s). 

30 Example 82. 

7''-Methoxv-3'-methvl-6'-(1.3-oxazol-5-vn-4'-oxo-A^pvrimidln-2-vl-3'.4'- 
dihvdro-rH.t'H-spirorpvrrolldine-3.2'-auinazoilne1-1-carboxamide 
From Example 2i .(50mg) and 2-amlnopyrimldlne (13mg). The residue was 
purified by column chromatography on silica eluting with 7% MeOH/DCM 
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followed by preparative HPLC (Method B) to yield the title compound as a 
solid (1.5mg, 2.7%). TLC Rf 0.05 (5% MeOH/DCM). LCMS 436 [M+H]*, RT 
1 .96 mins. NMR 400MHz (d4-MeOH) 8.50 (2H, 2xs), 8.20 (2H, 2xs), 7.35 
(1 H, s), 7.05 (1 H, t), 6.50 (1 H, s). 4.00 (3H, s), 3.85-3.75 (4H, m), 3.20 (3H. s), 
5 2.80-2.70 (1H,m), 2.30-2.25 (1H,m). 
Example 83. 

7'-Methoxv-3'-methvl-6'-(1.3-oxazol-5-vlV-1-fr4-(trifluoromethvnpiperldin- 
1-vncarbonva-t^H-splrorpvrrolldlne-3.2'-aulnazolin1-4Y3'H)-one 

From Example 21 (50mg) and 4-(trifluoromethyl)piperidinG (20mg). The 
10 residue was purified by column chromatography on silica eluting with 3-5% 
MeOH/DCM to yield the title compound as a yellow solid (27mg, 41%). TLC 
Rf 0.67 (10% MeOH/DCM). LCMS 494 [M+Hf, RT 3.00 mins. ^H NMR 
300MH2 (d4-MeOH) 8.20 (2H, 2xs), 7.35 (1H, s), 6.50 (IN, s), 4.00 (3H, s), 
3.85-3.70 (4H, m), 3.65-3.50 (2H, m),.3.15 (3H, s), 3.00-2.75 (2H, m), 2.70- 
15 2.55 (1H, m), 2.50-2.30 (1H, m), 2.25-2.15 (1H, m), 1.90-1.80 (2H, m), 1.60- 
1.40 (2H,m). 
Example 84. 

4-rfr7'-Methoxv-3'-methvl-6'-(1 .3-oxazol-5-vlV4'-oxo-3'.4'-dihvdro- 1H, 1 'H- 
spirorpvrrondine-3.2'-auina20lin1-1-vncarbonvn(methvnamlno1benzoic 
20 acid 

Example 74 (484mg), LiOH.HzO (161mg), THF (18ml), MeOH (9ml) and water 
(9ml) were combined and stirred at room temperature for 1 8 hours. The solvents 
were removed in vacuo and the residue triturated with 2N HOI to afford the titje 
compound as a vellow solid (420mq). TLC Rf 0.17 (EtOAc). LCMS 492 [M+Hf, 
25 RT 2.39 mins. ^H NMR 300MHz (d4-MeOH) 8.15 (1H. s). 8.1 (1H, s), 7.95 (2H, 
. d), 7.3 (1H. s), 7.2 (2H, d), 6.4 (1H, s), 3.95 (3H, s), 3.5-3.25 (4H, m), 3.2 (3H. s), 
3.0 (3H, s), 2.6-2.45 (1H, m). 2.1-2.0 (1H, m). 
Example 85. 

7'-Methoxv-3'-methvl-6'-(1 .3-oxazol-5-vl)-1 -Pvridin-2-vl- 1 'H- 
30 SDlrorpvrrolidlne-3.2'-auina2olin1-4Y3'H)-one 

Example 21 (35mg), 2-chloropyridine, DBN (0.045ml) and DMF (3ml) were 
combined and heated to 120°C for 1.5 hours in a microwave reactor. The 
solvents were then removed in vacuo and the residue purified by preparative 
HPLC (Method A) to give the title compound as a glass (3mg). LCMS 392 
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[M+HT. RT 1.57 mins. NMR 300MHz (d4-MeOH) 8.45 (1H, s). 8.17 (1H, 
s), 8.15 (1H. s), 8.02 (1H. d). 7.55 (1H, m), 7.3 (1H, s), 6.65 (1H, m), 6.55 
(1H, d). 6.45 (1H, s), 3.95 (3H, s), 3.85-3.65 (4H, m), 2.85-2.75 (1H, m), 2.35- 
2.3(1H, m). 
5 Example 86. 

A/-Allvl-7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-vlV4'-oxo-3'. 4'-dihvdro- 
fH.7'H-sDirorDvrrolldine-3.2'-auinazoline1-1-c arboxam[de 

To a solution of Example 21 (70mg) in DCM (5ml) was added allyl isocyante 
(0.017) and DIPEA (0.07mi). The reaction was stirred overnight and 

10 concentrated in vacuo. The residue was dissolved in DCM (100ml) and 
washed with IN aqueous HCI (25ml). The organic layer was separated, dried 
over MgS04, filtered and the solvent removed in vacuo. The resulting residue 
was triturated with Et20 to yield the title compound as a solid (49mg, 65%). 
TLC Rf 0.12 (5% MeOH/DCM). LCMS 398 [M+H]+, RT 2.26 mins. NMR 

15 300MHz (d4-MeOH) 8.20 (1H, s), 7.38 (1H, s), 6.50 (1H. s), 5.91-5.79 (1H, 
m), 5.17-5.11 (1H. m), 5.06-5.03 (1H, m). 4.0 (3H. s), 3.79-3.74 (2H, m). 3.66- 
3.60 (4H. m), 3.12 (3H, s), 2.75-2.62 (1H, m), 2.27-2.16 (1H. m). 

Examples 87 - 90 were prepared In a similar manner to the method of 
20 example 86:- 
Example 87. 

A^Cvclopentvl-7'-methoxv-3'-methvl-6'-(1.3-oxazol-5 -vn-4'-oxo-3',4'- 

dlhvdro-tR 1 W-splrorpvrrondine-3.2'-auina2ol ine1-1 -carboxamlde 

From Example 21 (70mg), DCM (5ml), cyclopentyl isocyanate (0.021ml) and 

25 DIPEA (0.07ml) to yield the title compound as a solid (60mg, 75%). TLC Rf 
0'.15 (5% MeOH/DCM). LCMS 426 [M+Hf, RT 2.60 mins. ^H NMR 300MHz 
(d4-MeOH) 8.13 (1H, s). 8.13 (1H, s), 7.30 (1H, s), 6.46, (1H, s), 4.05-3.95 
■ (1 H, m), 3.92 (3H, s), 3.65-3.55 (4H. m). 3.10 (3H, s), 2.74-2.54 (IH, m), 2.25-2.12 
(IH, m), 1.95-1.87 (2H, m), 1.74-1.30 (6H. m). 

30 Example 88. 

Ethvl yv-ff7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-va-4 '-QXQ-3'.4'-dlhvdro- 
IH. 1 'H-spirorpvrrolldine-3.2'-aulnazolin1-1 -vncarbpnv l^alvclnate 

From Example 21 (70mg), DCM (5ml), ethyl isocyanatoacetate (0.021ml) and 
DIPEA (0.07ml) to yield the title compound as a solid (49mg, 58%). TLC Rf 
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0.12 (5% MeOH/DCM). LCMS 444 [M+Hf , RT 2.26 mins. ''H NMR 300MHz 
(d4-MeOH) 8.20 (1H, s), 8.20 (1H, s), 7.38 (1H, s). 6.50 (1H. s), 4.25-4.15 
(2H, q), 4.0 (3H, s), 3.88 {2H, s). 3.70-3.65 (4H, m), 3.17 (3H, s), 2.78-2.62 
(1 H, m), 2.30-2.20 (1 H, m), 1 .29-1 .22 (3H, t). 
5 Example 89. 

A^Benzovl-7'-methoxv-3'-methvl-6'-f1.3-oxazol-5-vn-4'-oxo-3'.4'-cHhvdro- 
1H, 1 'H-spirorpvrrolidine-3.2'-quinazoline1-1-carboxamide 
From Examjale 21 (70mg), DCM (5ml), benzoyl isocyanate (0.024ml) and 
DIPEA (0.07ml) to yield the title compound as a solid (57mg, 65%). TLC Rf 
10 0.13 (5% MeOH/DCM). LCMS 462 [M+Hf, RT 2.50 mins. ''H NMR 300MHz 
(de-DMSO) 8.31 (1H, s), 7.99 (1H. s), 7.90-7.70 (2H. m), 7.65-7.55 (2H,m), 
7.50-7.40 (2H, m), 7.32 (1H, s), 6.50 (1H, s), 3.95 (3H. s), 3.95-3.55 (4H, m), 
3.00 (3H, s), 2.65-2.55 (1H, m), 2.18-2.05 (1H, m). 
Example 90. 

15 AI^3.5-Dlmethvllsoxazol-4-vlV7'-methoxv-3'-methvi-6V1.3-oxazol-5-vn-4'- 
oxo-3'.4'-dlhvdro- 1H. 1 'H-SDirorpvrrolidlne-3.2'-auinazollne1-1 - 
carboxamide 

From Example 21 (70mg), DCM (5ml), 3,5-dimethyl isoxazoM-yl isocyanate 
(26mg) and DIPEA (0.07ml) to yield the title compound as a solid (19mg, 
20 22%). TLC Rf 0.09 (5% MeOH/DCM). LCMS 453 [M+Hf, RT 2.22 mins. ''H 
NMR 300MHz (d4-MeOH) 8.21(1H, s), 8.21 (1H, s), 7.35 (1H, s), 6.52 (1H, s), 
4.00 (3H, s), 3.75 (4H. m), 3.18 (3H, s), 2.85-2.65 (1H, m), 2.32-2.26 (1H, m), 
2.28 (3H, s), 2.1 5(3H,s). 

25 Examples 91-99 were prepared in a similar manner to the method of example 
62:- 

Example 91 . 

7'-Methoxv-3'-methvl-6'-f1.3-oxazol-5-vn-4'-oxo-AA-3-thlenvl-3'.4'-dlhvdro- 
TH.yW-8Plrorpvrrolldlne-3.2-aulna2oline1-1-carboxamlde 

30 From Example 21 (25mg) and 3-aminothiophene (12mg). The resulting solid 
was obtained by filtration to yield the title compound as a white solid (lO.lmg, 
33%). LCMS 440 [M+H]*, RT 2.64 mins. ""H NMR 300MHz (de-DMSO) 8.65 
(1H, s), 8.40 (1H, s). 8.05 (1H, s), 7.60 (1H, s), 7.40 (2H, m), 7.30 (IN, d), 
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7.15 (1H, d), 6.60 (1H, s),.3.95 (3H. s), 3.70-3.60 (4H, m), 3.10 (3H, s), 2.75- 
2.60 (1H, m), 2.20-2.10 (IH, m). 
Example 92. 

M-fCvcloproDvlmethvn-7'-methoxv-3'-methvl-6'-M.3-oxazol- 5-v[M'-oxo- 
5 3'.4'-dl h vdro- 1H.1 W-splrorpvrrolidtne-3.2'-aul nazolinel-l -carboxamide 
From Example 21 (50mg) and aminomethylcyclopropane (1 1 □!). The residue 
was purified by preparative HPLC (l\/letliod B) to yield tlie title compound as a 
white solid (20mg, 37%). TLC Rf 0.1 1 (5% MeOH/DCM). LCMS 412 [M+H]*, 
RT 2.39 mins. NIVIR 300MHz (d4-l\/leOH) 8.20(2H, 2xs), 7.35 (IH, s), 6.50 
10 (1H, s), 4.00 (3H, s). 3.60-3.70 (2H. m), 3.15 (3H, s), 3.05 (2H, d), 2.60- 2.80 
(IH, m), 0.90-1.10 (IH, m), 0.40-0.50 (2H, m), 0.10-0.20 (2H, m). 
Example 93. 

7'-Methoxv-/V.3'-dimethvl-6'-(1.3-oxazol-5-vn-4'-oxo-/V-(2 -phenvlethvn- 
3'.4'-dlhvdro-7H.r'W-spirorpvrrolidlne-3.2'-auinazollne1-1-carboxamide 

15 From Example 21 (50mg) and A/-methylphenethylamine (IBmg) using pyridine 
(33mg). The residue was purified by column chromatography on silica eluting 
with 2-4% MeOH/DCM followed by preparative HPLC (Method B) to yield the 
title compound as a white solid (2.3mg, 15%). TLC Rf 0.43 (5% MeOH/DCM). 
LCMS 476 IM+H]*, RT 2.98 mins. ^H NMR 300MHz (d4-MeOH) 8.15(2H, 

20 2xs), 7.35 (1 H, s), 7.05-7.20 (5H, m), 6.55 (1 H, s), 3.95 (3H, s), 3.50-3.70 (3H, 
m), 3.25-3.45 (3H, m), 3.10 (3H, s), 2.75—2.85 (4H, m), 2.45-2.60 (1H, m), 
2.05-2.15 (2H,m). 
Example 94. 

7'-Methoxv-Ay.3'-dlmethvl-/tf-r2-^methvlsulfonvnethvl1-6'-ri.3-o xazol-5-vn- 
25 4'-oxo-3'.4'-dlhvdro- IH. 1 '/i^spirorpvrrolidlne-3.2'-aulnazolineM - 
carboxamlde 

From Example 21 (80mg) and (2-methanesulfonyl-ethyl)methylamine (CAS 
202198-18-3) (28mg) using pyridine (33mg). The residue was purified by 
preparative HPLC (Method B) to yield the title compound as a white solid 
30 (9mg, 9%). LCMS 478 [M+Hf, RT 2.12 mins. ^H NMR 300MHz (d4-MeOH) 
8.20 (2H, 2xs), 7.35 (IH. s), 6.50 (IH, s), 3.95 (3H, s), 3.55-3.85 (4H, m), 
3,35-3.45 (4H, m), 3.15 (3H, s), 2.95 (6H, 2xs), 2.55-2.70 (IH, m), 2.10-2.25 
(2H. m). 
Example 95. 
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A/.7'-Dimethoxv-A/.3'-dimethvl-6'-f1.3-oxazol-5-vlM'-oxo-3 '.4'-dlhvdro- 

7R7'H-spirorDvrrolidine-3.2'-quinazoline1-1-carboxamide 

From Example 21a (SOmg) and A/,0-dinnethylhydroxylamine hydrochloride 

(22mg) using diisopropylethylamine (141mg). The residue was by preparative 

5 HPLC (IVIethod A) to yield the title compound as a white solid (27.7mg, 32%). 
TLC Rf 0.37 (5% MeOH/DCM). LCMS 402 [M+Hf, RT 2.37 mins. NMR 
300MHz (d4-MeOH) 8.20 (2H, s). 7.40 (1H, s), 6.50 (1H, s), 4.00 (3H, s), 3.70- 
3.90 (4H, m), 3.65 (3H, s), 3.20 (3H, s). 3.00 (3H, s), 2.60-2.75 (1H. m), 2.15- 
2.35 (2H, m). 

10 Example 96. 

A/-r2-rDimethvlamino^ethvn-7'-methoxv-/V.3'-dimethv»- 6'-n.3-oxazol-5-vn- 

4'-oxo-3'.4'-dihvdro-tH.t'H-splrorpvrrolidine-3.2'-auinazoHne1-1- 

carboxamlde 

From Example 21a (50mg) and W,A/,A/'-trimethylethylenediamine (13mg). The 
15 residue was purified by column chromatography on silica eluting with 
DCM/MeOH/c.NH40H (90:9:1) to give the title compound as a pale green 
glass (3.2mg, 6%). TLC Rf 0.32 (9% MeOH/DCM + trace C.NH4OH). LCMS 
443 [M+Hf, RT 1.50 mins. ^H NMR 300MHz (d4-MeOH) 8.17-8.18 (2H, 2 x 
s), 7.32 (1H, s), 6.47 (IH, s), 3.97 (3H, s), 3.33-3.82 (6H, m). 3.12 (3H, s), 
20 2.90 (3H, s), 2.56-2.67 (IH, m). 2.51 (2H, t), 2.26 (3H. s), 2.10-2.20 (IH, m). 
Example 97. 

/tf-Cvciopropvl-A/-ethvl-7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-vn-4'-oxo- 
3'.4'-dihvdro- 1H.1 7^splrorpvrroHdine-3.2'-auinazollne1-1 -carboxamide 

From Example 21a (SOmg) and the hydrochloride salt of W-cyclopropyl-M 
25 ethylamine (CAS 26389-72-0) (16mg). The residue was purified by 
preparative HPLC (Method B) to give the title compound (1 Img, 20%). TLC 
Rf 0.35 (10% MeOH/DCM). LCMS 426 [M+Hf. RT 2.60 mins. ^H NMR 
300MHz (CDCIa) 8.32 (IH, s), 7.88 (IH, s), 7.48 (IH, s), 6.24 (IH, s), 5.00 
(1H. brs), 3.75-3.92 (4H. m), 3.40-3.65 (4H, m), 3.06-3.18 (4H, m), 2.45-2.58 
30 (2H, m), 2.1 4-2.23 (1 H. m), 1 .1 1 (3H, t), 0.60-0.88 (4H, m). 
Example 98. 

/\^f2-Cvanoethvn-M-lsopropvl-7'-methoxv-3'-methvl-6'-n.3-oxazo[-5-vlV 

4'-oxo-3'.4'-dihvdro-tH.t'H-spirorpvrrolidine-3.2'-auinazolinel-1- 
carboxamide 
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From Example 21a (53mg) and 3-(isbpropylamino)propionitrile (CAS 692-98- 
8) (16mg). The residue was purified by preparative HPLC (Method B) to give 
the title compound (43mg, 68%). LCMS 453 [M+Hf, RT 2.53 mins. ""H NMR 
300IVIHZ (CDCI3) 8.32 (1H. s), 7.87 (1H, s), 7.38 (1H, s), 6.27 (1H, s), 4.92 
5 (1 H, s), 3.93 (3H, s), 3.75-3.86 (4H, m), 3.42-3.59 (2H. m), 3.20-3.30 (1 H, m), 
3.16 (3H, s), 2.60-2.65 (2H, m), 2.41-2.52 (1H, m), 2.20-2.29 (1H, m), 1.20 
(3H, d), 1.17 (3H,d). 
Example 99. 

ytf-r2-fAcetvlamlnotethvn-7'-methoxv-A/.3'-dimethvl-6'-(1.3-oxazol-5-vn-4'- 
10 oxo-3'.4'-dihvdro- 1H. 1 W-splrorDvrrondine-3.2'-auinazolinel-1 - 
carboxamide 

From Example 21a (50mg) and A^-[2-(methylamino)ethyl]acetamide (CAS 
4814-81-7) (15mg). The residue was purified by preparative HPLC (Method 
B) to give tlie title compound (19mg, 32%). TLC Rf 0.45 (10% MeOH/DCM). 
15 LCMS 457 [M+Hf, RT 2.01 mIns. NMR 300MHz (d4-MeOH) 8.2 (2H, 2 x 
s), 7.36 (1H, s), 6.52 (1H, s). 3.99 (3H, s), 3.70-3.80 (2H, m), 3.53-3.62 (2H, 
m), 3.24-3.46 (4H, m), 3.15 (3H, s), 2.91 (3H, s), 2.57-2.68 (1H, m), 2.15-2.23 
(IN, m), 1.89(3H. s). 
Example 100. 

20 7'-Methoxv-3'-methvl-6'-n.3-oxa2ol-5-vl>-tW.2Ai^splrorpvr rolidlne-3.2'- 
auina2ollne1-2.4Y37y>-dlone 

To a solution of Intermediate 6 (25mg) in MeOH (10ml) was added a catalytic 
amount of 10% Pd/C. The solution was stinred at room temperature under 
hydrogen for 3.5 hours. The reaction mixture was filtered to remove catalyst 
25 and solvents rernoved under reduced pressure to give the title compound 
(1 8mg, 1 00%). LCMS 329 [M+Hf, RT 1 .93 mins. 
Example 101. 

1 -Benzvl-7'-methoxv-3'-methvl-6'-f1 .3-oxazol-5-vlV7 
spirorpvrrolldine-3.2'-qulnazollne1-2.4Y3'H^-dione 

30 To a solution of Example 1 00 (90mg) in DMF (1 0ml) was added sodium hydride 
(11 mg). The solution was stirred under nitrogen for 90 mins at whicli point 
benzylbromide (0.03ml) was added. The solution was stirred for 18 fiours. The 
solvents were removed in vacuo and the product purified by preparative HPLC 
(Method A) to give the title compound as a beige solid (1 Img, 10%). LCMS 
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419 [M+Hf, RT 2.81 mins. NMR 400MHz (d4-MeOD) 8.15 (1H, s), 8.10 
(1H, s), 7.40-7.30 (6H, m), 6.35 (1H, s), 4,60 (1H. d), 4.40 (1H, d), 3.95 (3H, 
s), 3.50-3.30 (2H, m). 2.90 (3H, s), 2.75-2.65 (1H, m), 2.35-2.25 (1H, m). 

5 Examples 102, 103 and 104 describe the preparation of three out of the four 
diastereomers of 1-fert-butyl 5-methyl 7'-methoxy-3'-methyl-6'-(1,3-oxazol-5- 
yl)-4'-oxo-3',4'-dihydro- 1H, 1 'H-spiro[pyrrolidine-3,2'-qulnazollne]-1 ,5- 
dicarboxylate. 
Example 102. 

10 1-fert-Butvl 5-methvl 7'-methoxv-3'-methvl-6'- ri .3-oxazol-5-vlV4'-oxo- 
3'.4'-dihvdro- tH. 1 'H-sDlrorDvrrolicline-3.2'-auinazoline 1-1 .S-dicarboxvlate 
fPiastereomfer 1) 

To a solution of Intemnediate 1 (300mg) In dry DCE (30ml) under nitrogen was 
added 1-fert-butyl 2-methyl {2S)-4-oxopyrrolldlne-1,2-dlcarboxylate (300mg) 

15 and PTSA (5mg). The mixture was heated at reflux for 5 hours. The reaction 
mixture was diluted with DCM (100ml) and washed with HaO (50ml). The 
organic layer was separated, dried over MgSO^, filtered and concentrated in 
vacuo. The residue was purified by column chromatography on silica eluting 
with EtOAc to afford the title compound along with Example 103 as a. pale 

20 yellow solid (420mg, 73%). A portion of this mixture was separated into its 
component diastereomers by preparative HPLC (Method A) to afford 
Diastereomer 1 as a cream solid (197mg). TLC Rf 0.29 (EtOAc). LCMS 473 
[M+Hr, RT 3.25 mihs. ""H NMR 300MHz (d4-MeOH) 8.21 (1H, s), 8.18 (1H, 
s), 7.38 (1H, 8), 6.41 (1H, s), 4.54-4.48 (1H, dd), 4.05-4.02 (1H, d), 4.02 (3H, 

25 s). 3.80 (3H, s), 3.72-3.68 (1H, d), 3.12 (3H, s), 3.04-2.88 (1H, m), 2.35-2.25 
(1H,m), 1.49 and 1.45 (9H,2xs). * 
Example 103. 

1-te/t-Butvl 5-methvl 7'-methoxv-3'-methvl-6'-f1.3-ox azol-5-vn-4'-oxo- 
3'.4'-dihvdro-tH.t'H-splrorpvrrolidine-3.2'-auinazolln e>1.5-dlcarboxvlate 

30 f Diastereomer 2) 

Following the procedure described for Example 1 02; Diastereomer 2 was also 
isolated as an off-white solid (41 mg). TLC Rf 0.29 (EtOAc). LCMS 473 
[M+Hf. RT 3.15 mins. NMR 300MHz (d4-MeOH) 8.21 (1H, s). 8.19 (1H, 
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s), 7.38 {1H, s), 6.51 (1H, s), 4.57-4.50 (1H. m), 4.00 (3H, s), 3.83 (3H, s), 
3.83-3.72 (2H, m), 3.15 (3H, s), 2.67-2.50 (2H. m), 1 .45 (9H, s). 
Example 104. 

1 -teff-Butvl 5-methvl 7'-methoxv-3 -methvl-6'-f 1 .3-oxazol-5-vn-4'-oxo- 
5 3'.4'-dlhvdro-7H.tW-splrorpvrrolidine-3.2'-auinazollne1-1.5-dicarboxvlate 

(Diastereomer 3) 

A solution of Intermediate 1 (700mg), 1-fe/t-butyl 2-methyl-(2/=?)-4- 
oxopyrrolldlne-1,2-dicarboxylate (CAS 256487-77-1) (720mg) and PTSA 
(5mg) In dry DCE (40ml) was heated at reflux for 18 hours. The reaction 

10 mixture was diluted with DCM (100ml) and washed with aqueous 2M HCI 
(40ml). The organic layer was separated, dried over MgS04, filtered and 
concentrated in vacuo. The residue was purified by preparative HPLC 
(Method A) to afford Diastereomer 3 as a single diastereomer as an off-white 
solid (635mg, 47%). TLC Rf 0.35 (EtOAc). LCMS 473 [M+Hf. RT 3.26 mins. 

15 NMR 300MHz (d4-MeOH) 8.21 (1H. s), 8.18 (1H. s), 7.38 (1H, s), 6.41 (1H, 
s). 4.54-4.48 (1H, dd). 4.05-4.02 (1H, d), 4.02 (3H, s), 3.80 (3H, s), 3.72-3.68 
(1 H, d). 3.12 (3H, s). 3.04-2.88 (1 H, m), 2.35-2.25 (1 H. m), 1 .49 and 1 .45 (9H, 
2xs). 

Example 105. 

20 1-te/t-Butvl 5-isopropvl 7'-methoxv-3'-methvl-6'-(1 .3-oxazol-5-vlV4'-oxo- 
3'.4'-dihvdro-tH. 1 'f^spirorpvrrolidine-3.2'-quinazoline1-1 .5-dicarboxvlate 
From Intermediate 1 (160mg) and Intermediate 9 (190mg). Purification by 
preparative HPLC (Method A) afforded the title compound as a single 
diastereomer as a pale orange solid (137mg, 42%). TLC Rf 0.51 (EtOAc). 

25 LCMS 501 [M+Hf, RT 3.66 mins. ^H NMR 300MHz (d4-MeOH) 8.21 (1H, s), 
8.19 (1H, s). 7.36 (1H, s), 6.40 (1H, s), 5.14-5.02 (1H, hep), '4.46-4.39 (1H, 
m), 4.07-4.03 (1H, d), 3.99 (3H, s), 3.73-3.68 (1H, d), 3.13 (3H, s), 3.03-2.88 
(IN. m), 2.32-2.20 (1H, m). 1.49 and 1.45 (9H, 2xs), 1.34-1.31 (3H. d), 1.25- 
1.22 (3H,m). 

30 Example 106. 

1 -( teit-Butoxvcarbonvn-7'-methoxv-3'-methvl-6'-(1 .3-oxazol-5-vn-4'-oxo- 
3'.4'-dlhvdro-7'A/-sp}rorpvrrolidine-3.2'-auinazoline1-5-carboxvl{c acid 
To a solution of Example 1 04 (1 OOmg), in THF (3ml) and water (3ml), stirring at 
room temperature was added LiOH.HaO (9mg). The reaction mixture was 
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Stirred for 2.5 hours before being concentrated in vacuo, neutralised with 
aqueous 1M HCI solution and extracted with EtOAc (3x20ml). The organic 
layers were combined, dried over MgS04, filtered and concentrated in vacuo to 
yield the title compound as a single diastereomer as an off-white solid 50.5mg 
5 (52%). HPLC RT 2.78. LCMS 459 [M+Hf. RT 2.84 mins. NMR 300MHz 
(d4-MeOH) 8.19 (1H, s). 8.17 (1H, s), 7.35 (1H, s), 6.37 (1H, s), 4.45-4.36 (1H. 
m), 4.00-3.93 (4H, m), 3.74-3.63 (1H, m), 3.10 (3H, s), 3.03-2.97 (1H, m), 2.33- 
2.22 (1 H, m), 1 .47-1 .40 (9H, m). 

10 Examples 107 and 108 describe the preparation of two out of the four 
diastereomers of fert-butyl 7*-methoxy-3'-methyl-5-(3-methyl-1,2,4-oxadiazol- 
5.yl).6'-(l ,3-oxazol-5-yl)-4'-oxo-3',4'-dlhydro- 1H, 1 'W-spiro[pyrrolidine-3,2'- 
qulnazoline]-1 -carboxylate. 
Example 107. 

15 ferf-Butvl 7'-methoxv-3'-methvl-5-r3-methvl-1 .2.4-oxadlazo l-5-vn-6'-(1 .3- 
oxa2ol-5-vn-4'-oxo-3'.4'-dlhvdro- 1H. 1 'W-SDirorpv rrondlne-3.2'- 
au!hazoHne1-1 -carboxylate (Diastereomer 1> 

To a solution of ( 72)-yV-hydroxyethanimidamide (CAS 140461-42-3) (20mg) in 
dry THF (5ml) under nitrogen was added sodium hydride (60% dispersion in 

20 mineral oil, 1 1mg) and the mixture heated at reflux for 90 mins. A solution of 
Example 104 was then added and the reaction mixture heated at reflux for 18 
hours. The mixture was concentrated in vacuo and .H2O (30ml) added to the 
residue. This was extracted with DCM (2x75ml) and the organic layers 
combined, dried over MgS04, filtered and concentrated in vacuo, to give a 

25 mixture of two diastereomers. Purification by column chromatography on silica 
eluting with EtOAc followed by preparative HPLC (Method A) afforded 
Diastereomer 1 as a white solid (4.8mg, 9%). TLC Rf 0.29 (EtOAc). LCMS 
498 [M+Hf, RT 3.28 mins. NMR 300MH2 (d4-MeOH) 8.22 (1H, s), 8.20 
(1H, s), 7.38 (1H, s), 6.38 (1H, s, br), 5.31-5.28 (1H, dd), 4.19-4.15 (1H, d), 

30 3.98 (3H, s), 3.83-3.79 (1H, d), 3.18 (3H, s), 3.18-3.03 (1H. m), 2.50-2.37 (1H, 
m), 2.45 (3H, s), 1 .50 and 1.35 (9H, 2xs). 
Example 108. 
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telt-Butvl 7-methoxv-3'-methvl-5-f3-methvl-1 ■2.4-oxa dia2ol-5-vn-6'-(1 .3- 
oxa2ol-5-vn-4'-oxo-3'.4'-dihvdro- 1H.1 'H-sDirorDvrroHd»ne-3.2 - 
auinazolinel-l-carboxvlate fPiastereomer 2). 

Following the procedure described for Example 107; Diastereomer 2 was also 
5 isolated as an off-white solid (1.5mg, 3%). TLC Rf 0.18 (EtOAc). LCMS 498 
[M+Hf, RT 3.13 mins. NMR 300MHz (d4-MeOH) 8.20 (2H, 2xs). 7.38 (1 H, 
s), 6.54 (1H, s), 5.34-5.25 (1H, m), 4.01 (3H, s). 3.98 (2H. s). 3.16 (3H, s), 
2.76-2.73 (1H, m). 2.40 (3H, s), 1.40 and 1.25 (9H, 2xs). 
Example 109. 

10 fert-Butvl 7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-vl)-4'-oxo-5 -rDvrrolidin-1- 
vlcarbonvlV3'.4'-dihvdro- 1H. 1 W-sDirorDvrro»dine-3.2'-auinazollne1-1 - 
carboxvlate 

To a stirring solution of Example 106 (44mg), HBTU (36mg), and DIREA 
(0.09ml) in DMF (2ml) was added pyrrolidine (0:02ml). The reaction mixture 

15 was stirred at room temperature for 18 hours concentrated in vacuo and the 
residue purified by column chromatography on silica eluting with 2% 
MeOH/DCM, to yield the title compound as a single diastereomer as a solid 
IBmg (37%). TLC Rf 0.24 (2%IVleOH/DCM). LCMS 512 [M+Hf, RT 3.14 
mins. ""H NMR 300MHz (d^-MeOH) 8.17 (1H, s), 8.15 (1H, s), 7.34 (1H, s), 

20 6.43 (1H, s), 4.73-4.66 (1H, m), 3.98 (3H, s), 3.86-3.35 (6H, m), 3.12 (3H, s), 
3.05-2.92 (1H, m). 2.22-2.11 (1H, m), 2.05-1.85 (4H, m),1.45-1.35 (9H, m). 
Example 110. 

terfrButvl 5-rrdimethvlamlno>carbonvn-7'-methoxv-3'-me thvl-6'-M .3- 
oxazol-5-v[)-4'-oxo-3'.4'-dlhvdro-tW.f^spirorpvrrolid»ne-3.2'- 
25 au lnazolinel-1 -carboxvlate 

To a stirring solution of Example 106 (70mg), EDO (29mg), HOBt (21 mg) and 
TEA (0.06ml) in DCM (5ml), was added dimethylamlne hydrochloride (25mg). 
The mixture was stirred at room temperature overnight. More dimethylamlne 
hydrochloride (25mg) and TEA (0.03ml) were added to the reaction mixture, 
30 which was left to stir at room temperature overnight. DMAP (1 mg) was added 
to the reaction mixture, which was left to stir at room temperature overnight. 
The mixture was concentrated in vacuo and the residue purified by column 
chromatography on silica eluting with 4%MeOH/DCM to yield the trtle 
compound as a single diastereomer as a white solid 5.3mg (7%). HPLC RT 
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2.92 minutes. LCMS 486 [M+Hf, RT 2.92 mins. NMR 300MHz (de- 
DMSO, 130°C) 8.13 (1H, s), 7.99 (1H, s), 7.25 (1H, s), 7.23 (1H, s, br), 6.35 
(1H, s), 4.87-4.80 (1H, m), 3.94 (3H, s). 3.93-3.90 (1H, d), 3.66-3.63 (1H, d), 
3.05 (3H, s), 3.00 (6H, s), 2.95-2.90 (1H, m). 2.10-2.05 (1H, m),1.40 (9H, m). 
5 Example 111. 

Methvl 7'-methoxv-3'-methvl-6'-M .3-oxazol-5-vlV4'-oxo-3'.4'-dlhvdro- 1 W- 
sDirorpvrrolidlne-3.2'-auinazonne1-5-carboxvlate hydrochloride 

To a solution of Example 104 in dry DCM (2ml) under nitrogen cooled to 0°C 
was added a solution of HCI In EtaO (1 .CM, 20ml). The reaction mixture was 

10 allowed to warm to room temperature and stirred for 2 hours. The resulting 
solid was filtered off, washed with copious quantities of EtzO and dried in 
vacuo to afford the title compound as a single diastereomer as an off-white 
solid (80mg, 92%). LCMS 373 [M-HCl+Hr, RT 1.50 mins. NMR 400MHz 
after aqueous NaHCOs shake. (CDCI3) 8.31 (1 H, s), 7.88 (1 H, s), 7.38 (1 H, s), 

15 6.18 (1H, s), 4.02-3.97 (1H, m), 3.95 (3H. s), 3.78 (3H, s). 3.36-3.33 (1H, d), 
3.30-3.27 (1H. d), 2.58-2.52 (1H, m), 2.26-2.22 (2H, d). . 
Example 112. 

Methvl 1 -f2-f urovn-7'-methoxv-3'-methvl-6'-n .3-oxazol-5-vl>-4'-oxo-3'.4'- 
dlhvdro-t'H-spirorpvrrolidine-3.2-aulnazollne1-5-carboxvlate 

20 To a solution of 2-furoic acid (13mg) in DCM (5ml) stirring under nitrogen at 
room temperature was added EDC (23mg), TEA (0.06ml) and HOBt (16.2mg). 
The mixture was stirred at room temperature for 30 minutes before adding 
Example 10 (49mg). The reaction mixture was allowed to stir at room 
temperature for another 48 hours. DMAP (2mg) was added and the mixture 

25 stirred for 1 8 hours and concentrated in vacuo. Purification was by preparative 
HPLC (Method B) followed by column chromatography on silica eluting with 
4% MeOH/DCM to give the title compound as a single diastereomer as a 
white solid (2.5mg, 4.5%). TLC Rf 0.15 (4% MeOH/DCM). LCMS 467 
[M+Hf, RT 2.65 mins. NMR 300MHz (d4-MeOH) 8.20 (2H, s), 7.74 (1H, 

30 s), 7.35 (1H, s) 7.20 (1H, m), 7.12 (1H, d), 6.53 (1H, m). 6.60 (1H, m), 6.38 
(1H. s) 4.90-4.80 (1H, m), 4.58-4.50 (1H d), 4.37-4.30 (1H, d). 4.00 (3H, s), 
3.80 (3H, s), 3.1 5 (3H, s) 3.05-2.95 (1 H, m), 2.35-2.25 (1 H, m). 
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Example 11 3. 

1-Ethvl 5-methvl 7'-methoxv-3'-methvl-6'-f1 .3-oxaz ol-5-vfV4'-oxo-3'.4'- 
dihvdro- 1H. 1 W-splrQrpvrrolldln6-3.2'-aulnazollne1-1 .S-d lcarboxvlate 

To a solution of Example 1 1 1 (49mg) in DCM (5ml), stirring under nitrogen at 
5 0°C was added TEA (0.05ml) followed by ethylchloroformate (0.013ml). The 
mixture was allowed to warm slowly to room temperature. The reaction 
mixture was diluted with water ((20ml) and extracted into DCM (3x50ml). The 
organic layers were combined, dried over MqSOa, filtered and concentrated in 
vacuo. Purification by column chromatography on silica eluting with 2% 
10 MeOH/DCM afforded the title compound as a single diastereomer as an off- 
white solid (35.7mg, 67%). HPLC RT 2.77 mins. LCMS 445 [M+H]"-, RT 2.79 
mins. ""H NMR 300MHz (d^-MeOH) 8.18 (1H. s). 8.15 (1H, s), 7.34 (1H, s) 
6.34 (1H, s), 4.58-4.50 (1H, m), 4.20-4.05 (3H, m), 3.98 (3H. s) 3.77 (3H, m), 
3.76-3.70 (1H d), 3.10 (3H, s), 3.02-2.90 (1H. m), 2.35-2.24(1 H, m), 1.30-1.15 
15 (3H, m). 

Example 114 was prepared in a similar manner to the method of Example 
12:- 

Example 114. 

20 1-/so-Propvl 5-methvi 7'-methoxv-3'-methvl-6'-(l ■3-oxazol'5-vn-4'-oxo- 
3'.4'-dlhvdro-tH.y"H^spirorpvrrolidine-3.2'-auina2oline1-1.5-dicarboxvlate 
From Example 111 (50mg) and feo-propylchloroformate. The residue was 
purified by column chromatography on silica eluting with 2% MeOH/DCM to 
yield the title compound as a single diastereomer as a yellow solid, (41.7mg, 

25 62%). HPLC RT 2.99 mins. LCMS 459 [M+Hf, RT 3.01 mins. ^H NMR 
300MHz (d4"MeOH) 8.17 (2H, 2x8), 7.33 (1H, s), 6,39 (1H. s) 4.92-4.82(1 H, 
m), 4.55-4.47 (1H. m). 4.12-4.02 (1H. d), 3.97 (3H. s), 3.79 (3H, s), 3.75-3.69 
(1H, d), 3.11 (3H, s). 3.01-2.89 (1H, m), 2.35-2.22(1 H, m), 1.27-1.22 (6H, m). 
Example 115. 

30 Methyl 7'-methoxv-3'-methvl-6'-(1.3-oxazol-5-vn-4'-oxo- 1-(plperidln-1- 
vlcarbonvn-3'.4'-dihvdro-fW-spirorpvrrolldlne-3.2'-auina2oline1-5- 
carboxvlate 

To a suspension of Example 111 (65mg) in dry DCM (10ml) under Na cooled 
to O^C. was added dropwise 1-piperidinecarbonyl chloride (0.024ml) followed 
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by TEA (0.05ml), again dropwise. The reaction mixture was allowed to warm 
to room temperature and stirred for 4 hours. The mixture was concentrated in 
vacuo and the residue purified by column chromatography on silica eluting 
with 5% MeOH/DCM to afford the title compound as a single diastereomer as 

5 a pale yellow solid {50mg, 65%). LCMS 484 [M+Hf, RT 2.85 mins. NMR 
300MH2 (d4-MeOH) 8.22 (1H, s), 8.20 (1H, s), 7.40 (1H, s) 6.46 (1H, s), 4.85- 
4.78 {1H, tr), 4.01-3.95 (1H, d), 3.99 (3H, s), 3.82-3.76 (1H, d), 3.78 (3H, s), 
3.40-3.20 (2H. m), 3.12-3.01 (1H. m), 3.07 (3H, s), 2.30-2.23 (1H, dd), 1.72- 
1.50 (6H,m). 

10 Example 116. 

Methvl 7'-methoxv-3'-methvl-1 -f rmethvl(phenvlWamlno1carbonvB-6'-f 1 .3- 
oxazol-5-vlM'-oxo-3'.4'-dlhvdro-tW-spirorpvrrolldine-3.2'-quinazonne1-5- 
carboxvlate 

To a solution of W-methylanillne (0.01ml) and pyridine (0.03ml) In DCM (5ml), 
15 stirring under nitrogen at -78°C, was added triphosgene (1 7mg). The reaction 
mixture was stinred at 0°C for 30 minutes before adding Example 111 (50mg) 
and pyridine (0.03ml). The mixture was allowed to warm to room temperature 
and stirred overnight. The reaction mixture was purified by column 
chromatography on silica eluting with EtOAc followed by 5% MeOH/DCM to 
. 20 yield the title compound as a single diastereomer as a white solid, (6.4mg, 
10%). TLC Rf 0.41 (EtOAc). LCMS 506 [M+H]+, RT 2.91 mins. NMR 
300MHz (de-DMSO) 8.33 (1H, s, br), 7.88 (1H, s), 7.40-7.12 (8H, m), 6.24 
(IN, s), 4.65-4.75(1 H, m), 4,85(3H, s), 3.70 (3H, s), 3.58-3.50 (1H, d), 3.13 
(3H, s). 3.98-2.78 (5H, s), 2.05-1 .93 (1 H, m). 

25 

Example 117 was prepared in a similar manner to the method of Example 
116:- 

Example 117. 

Methvl 7'-methoxv-1-frmethoxv(methvnamino1carbonvl>-3'-methvl-6- 
30 (1 .3-oxazol-5-vn-4'-oxo-3'.4'-dihvdro-IW-spirorpvrrolldine-3.2'- 
quinazoline1-5-carboxvlate 

From Example 111 (50mg) and /V,0-dimethylhydroxylamine hydrochloride 
(14mg). Purification by column chromatography on silica eluting with 2% 
MeOH/DCM afforded the title compound as a brown solid, 14.4mg (21%). 
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HPLC RT 2.53 minutes. LCMS 460 [M+H]+, RT 2.57 minutes, NMR 
300IVIH2 (d4MeOD) 8.20 (1H, s, br), 8.18 (1H, s), 7.38 (1H, s, br), 6.40 (1H, s) 
4.73-4.65(1 H. m), 4.23-4.16 (1H. d), 4.00 (3H, s), 3.90-3.86 (1H, d), 3.76 (3H. 
s). 3.62 (3H, s), 3.11 (3H. s), 3.05 (3H, s), 3.03-2.96(1 H, m). 2.25-2.17 (1H. 
5 m). 

Example 1 1 8 describes the preparation of a mixture of two out of tlie four 
diastereomers of 1-fert-butyl 5-methyl 7'-methoxy-6'-(1 ,3-oxazol-5-yl)-4'-oxo- 
3',4'-dihydro- 7H, 7 'H-spiro[pyrrolidine-3,2'-quinazoline]-1 ,5-dicarboxylate, and 
10 was prepared in a similar manner to tifie methiod of example 1 04:- 
Example 118. 

1 -tert-Butvl 5-methvl 7'-methoxv-6'-(1 .3-bxazol-5-vlM'-oxo-3'.4'-dihvdro- 
1H.1 ''W-spirorDvrroHcllne-3.2'-aulnazollne1-1 .S-dlcarboxvlate 

From Intermediate 2 (193mg) and 1-fert-butyl 2-methyl (2S)-4-oxopyn'olidlne- 
15 1 ,2-dlcarboxylate (211mg). The residue was purified by column 
chromatography on silica eluting with 5% MeOH/DCM to yield the tjtte 
compound as a beige solid (297mg, 78%). TLC Rf 0.32 (5% MeOH/DCIVI). 
LCMS 459 [M+H]+, RT 3.38 mins. NMR 400MH2 (d4 MeOH) 8.16 (1H, s), 
8.13 (1H, s), 7.34 (1H, s). 6.45 and 6.39 (1H, 2xs), 4.43-4.51 (1H. m), 3.99 
20 (3H, s). 3.76-3.79 (4H, m), 3.51-3,58 (1H, m), 2.60-2.70 (1H, m), 2.19-2.29 
(1 H, m), 1 .44 and 1 .40 (9H, 2xs). 

The ability of the compounds of the Invention to Inhibit the IMPDH enzymes 
may be determined using the following assays: 
25 Abbreviations used: 

IMPDH Inoslne 5'monophosphate dehydrogenase 

IMP Inoslne 5'monophosphate XMP Xanthoslne 5'-monophosphate 
NAD p- Nicotinamide adenine dinucleotide 
NADH Nicotinamide adenine dinucleotide, reduced form 
30 MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
Assay Protocol 1 

IMPDH catalyses the NAD dependent oxidation of IMP to XMP with 
concomitant reduction of the coenzyme. IMPDH activity was determined by 
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monitoring the production of tiie fluorescent product, NADH. Assays were 
performed in a final volume of 200//i containing IMPDH (2jug), NAD (WOf/M), 
IMP (lOO/zM), 1% DMSO,. 30mM KCI and lOOmM Tris/HCl, pH7.5. 
Fluorescence (excitation 340nm / emission 465nm) was read continuously at 

5 25°C for 30 minutes. From this data, initial rates (i.e. change in fluorescence 
intensity per minute) were calculated. To determine the IC50 values, test 
compounds were prepared at an initial concentration of I.OmM in 100% 
DIVISO, then diluted in assay buffer to 0.2mM. Further dilutions were made in 
assay buffer containing 20% DMSO, prior to diluting 20-fold into the assay, to 

10 allow testing across the range O.SnM to 1 0/jM. 

The functional effect of the compounds of the invention may be demonstrated 
using the following assay: 
PBMC Proliferation Assay 

15 Peripheral blood mononuclear cells were Isolated from freshly teken human 
blood using standard procedures. Ceils were plated out in RPMI medium 
containing 5% human serum in the presence and absence of inhibitor. PHA 
(25|xl of SO^g/ml solution to each well) was added and the plates were 
Incubated at 37^C in an atmosphere of 95% air/5% CO2 for 48 hours. O.SjiCi 

20 of tritiated thymidine was added to each well and the plates were incubated 
for a further 18 hours. The contents of the plate were transfen^ed to a filter 
plate and the cells washed with saline, the plates were dried, 
microscintlllatlon fluid was added to each well and the plate was counted on a 
scintillation counter. IC50 values were calculated by plotting inhibitor 

25 concentration versus %inhibition. 

The assay described above can be carried out using anti-CD3 (40m.I of 
3750ng/ml concentration to each well) stimulation instead of PHA. 

30 Compounds of each of the Examples inhibit IMPDH enzymes with ICeo values 
of 5|jiM or below. 
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CLAIMS 

1 . A compound of formula (1 ): 




5 

wherein: 

X is an oxygen or sulfur atom; 

is an aliphatic, cycloaliphatic or cycloalkyl-alkyi- group; 

is an optionally substituted heteroaromatic group or a-CN group; 

10 R^ is a group -~(Alk^)mL''(Alk^)nR'^ in which m and n, which niay be the same or 
different, is each zero or the integer 1 , Alk^ and Alk^, which may be the same 
or different, is each an optionally substituted aliphatic or heteroaliphatic chain, 
is a covalent bond or a linker atom or group and R"^ is a hydrogen atom or 
an optionally substituted cycloaliphatic, heterocycloaliphatic, aromatic or 

15 heteroaromatic group; 

A is an optionally substituted cycloaliphatic or heterocycloaliphatic group 
optionally fused to an optionally substituted aryl or heteroaryl group; 
R®, which may be attached to any available C or N atom present In the 
cycloaliphatic or heterocycloaliphatic, or where fused, aryl or heteroaryl group, 

20 is a group -(Alk^)tL^(AIk^)vR® in which t and v, which may be the same or 
different, is each zero or the integer 1 , Alk^ and Alk^, which may be the same 
or different, is each an optionally substituted aliphatic or heteroaliphatic chain, 
is a covalent bond or a linker atom or group and R® Is a hydrogen or 
halogen atom or a group or an optionally substituted cycloaliphatic, 

25 heterocycloaliphatic, aromatic or heteroaromatic group; 

and the salts, solvates, hydrates, tautomers, isomers or N-oxides thereof. 
2. A compound according to Claim 1 in which Alk\ Alk^, Alk^ or Alk"^, 
wlien present in compounds of formula (1), may be the same or different, and 
is each an optionally substituted alkylene chain. 
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3. A compound according to Claim 1 or Claim 2 wherein is a group - 
(Alk^)n,L\Alk2)nR'* and Is a group -(Alk^)tL2(Alk*)vR^ in wlilch or is 
covalent bond or an atom or group selected from -0- or -S- atoms or -C(0)-, 
-C(S)-, -S(0)-, -S(0)2-, -C(0)0-, -0C(0)-, -N(R^)- [where R'' is a hydrogen 

5 atom or a straight or branched Ci.6alkyl group], -CON(R>, -CSN(R^)-, - 
N(R^)CO-. -N(R^)CS-, -S(0)2N(R^)- or -N(R^)S(0)r groups. 

4. A compound according to any one of Claims 1 - 3 In which R^ is the 
group -Alk^-L^-R^ 

5. A compound according to any one of Claims 1 - 4 in which R^ is a Ci^ 
10 alkyi group. 

6. A compound according Claim 5 in which R^ is a methyl group. 

7. A compound according to any one of Claims 1 - 4 in which R^ is a 
hydrogen atom. 

8. A compound according to any one of Claims 1 - 7 in which X is an O 
15 atom. 

9; A compound according to any one of Claims 1 - 8 wherein R^ is a Ci-e 
alkyI group. 

1 0. A compound according to Claim 9 wherein R^ Is a methyl group. 

11. A compound according to any one of Claims 1-10 wherein R^ is a flve- 
20 membered heteroaromatic group containing one, two, three or four 

heteroatoms selected from oxygen, sulfur or nitrogen. 

12. A compound according to Claim 1 1 wherein R^ is an oxazolyl group. 

13. A compound according to any one of Claims 1-12 wherein A is 
optionally substituted Ca-e cycloaliphatic group or 3 to 6 membered saturated 

25 monocyclic hydrocarbon ring system containing one or two L"* linker atoms or 
groups, optionally fused to an optionally substituted phenyl or monocyclic d. 
gheteroaromatic group containing one, two, three or four heteroatoms selected 
from oxygen, sulfur or nitrogen. 

14. A compound according to any one of claims 1-13 which has the 
30 formula (lb): 



97 



wo 2004/022554 



PCT/GB2003/0O3878 




A N R6 



(lb) 



in which A is an optionally substituted pyrroiidinyl ring; R\ R^, R^, R^ and X 



15. A compound according to any one of claims 1-14 which has the formula 



wherein R\ R^, R®, R® and X are defined herein; R^® is a group selected from 
-CN, -COaR^"* [where R^°" is a hydrogen atom or a Ci^aikyl group], - 
AlkOR^°* [where Aik Is a Ci.3alkylene chain], -NR^°"COR^^ [where R^® is a Ci- 

10 ealkyi group], -NR^^^SOzR^®, -S02R^^ -COR^^ -CONR^^R^^ [where R^^ and 
R^^, which may be the same or different, is each a hydrogen atom or a Ci- 
salkyi group, or R^^ and R^^ may join together to fonn a 4 to 6 membered 
heterocycioalkyi group], -NR^^R^^ -S02NR^^R^^ Ci^alkyl, haloCi^lkyl or 5 
or 6 membered heteroaryl group. 

15 16. A pharmaceutical composition comprising a compound according to 
any of Claims 1 to 14 together with one or more phamiaceuticaliy acceptable 
carriers, excipients or diluents. 

17. A compound according to any of Claims 1 to 1 4 for use In the treatment 
of cancer, inflammatory disorders, autoimmune disorders, psoriatic disorders 
20 and viral disorders. 



are as defined herein. 
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